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The  cross  Tsnwsre,  Jt  ainturki  was  aado  for  the  porpeoo 
of  developing  an  inproved  variety  of  wheat  for  Kansas.  The 
present  study  was  conducted  Id  order  to  obtain  fondaaantal 
inforaatlon  on  the  node  of  inheritance  of  leaf  rust  and  boa* 
resistance  and  other  characters  In  this  cross.  An  attempt 
was  aade  to  oonblne  tho  winter  bardinase  and  bant  rosistanea 
Of  tttntarfcl  with  the  Mf|  quality,  early  aaturlty,  relative 
leaf  rust  resistance  and  stiff  straw  of  Tenaarq.  Although 
the  desirable  combinations  were  not  obtained  from  this  erase 
considerable  information  as  to  bunt  resistance,  loaf  rust 
resistance  and  other  plant  characters  wee  obtained. 


the  anther  wishes  to  express  sincere  appreciation  to 
Dr.  John  n.  Parker  of  the  Paper toamt  of  Agronowy,  Kansas 
State  College,  and  Mr.  CO.  Johnston  of  the  Division  of 
Cereal  Crops  and  Diseases,  Milted  states  Depertaent  of  Agri- 
culture, for  helpful  criticises  and  suggestions  in  collecting 
and  interpreting  the  data  and  in  preparing  this  manusorlpt. 
Tbenlca  are  also  due  Dr.  C.  0.  Swansea  of  the  Department  of 
■illling  Industry,  Mr.  Cal  Jorgensea,  graduate  assistant  la 
the  Depsrtasnt  of  Agronomy,  Kansas  State  College*  end  to 


**.  IT.  E.  Jodon  of  the  north  Platte,  .  ebroakn, 
Experiment  Station,  Hr.  I«  II.  coles  of  tho  Colby,  Kansas, 
Branch  Esperlment  station,  and  Hr.  J.  J.  Curtis  of  tho 
Akron,  Colorado,  JleXu  station,  for  data  and  asslstanoa. 

■Rran  or  ■hmmhi 

Loaf  Rust  Roslstar.cs 

According  to  Johnston  (86)  heavy  Infections  of  loaf 
root  greatly  reduce  ths  yield  of  wheat.  Tho  loss  In  yield 
Is  attributed  principally  to  a  reduction  In  the  number  of 
kernels  produced  with  a  slight  reduction  In  kernel  alee. 
Mains  (SB)  states  that  reduced  yields  caused  by  loaf  rust 
are  duo  to  ths  production  of  fewer  and  lighter  kernels. 
Severe  Infections  over  long  periods  greatly  reduced  the  nua- 
ber  of  kernels  produced  with  a  slight  reduction  In  kernel 
weight.  Infections  over  short  periods  resulted  largely  In 
decreased  kernel  weight. 

Johnston  and  Helehers  (80)  found  that  certain  varieties 
of  wheat  highly  susceptible  to  co-tain  physiologic  foras  of 
loaf  rust  In  the  seedling  stage  are  vary  resistant  to  the 
aaas  physiologic  foras  in  the  heading  stag*.  This  changing 
reaction  to  leaf  rust  was  especially  noticeable  In  certain 
hybrid  plants,  heterozygous  with  respect  to  leaf  rust 

of  the  l:Tportant  types  of  comon  bread  wheat 


show  this  chancing  reaction  to  leaf  rust.  Plants  resistant 
to  leaf  ruat  In  the  — j sdllng  etage  are  rastster.t  In  later 
stages  of  growth. 

Heine  and  Jackson  (29)  report  twelve  physlolocic  fores 
of  loaf  rust  of  wheat*  These  different  physiologic  foras 
are  distinguished  by  their  reactions  on  different  strains  of 
wheat.  With  the  exception  of  Vernal  earner  no  variety  wee 
found  to  he  entirely  resistant,  in  the  seedling  stage,  to 
ell  of  the  physiologic  faros  of  leef  rust.  Ho  fom  was 
found  to  whloh  ell  of  the  varieties  were  susceptible.  These 
writers  state  that  agronomic  varieties  of  wheat  ney  not  be 
uniform  In  their  reset  lor.  to  leaf  rust. 

Johnston  (34)  showed  that  strains  of  wheat  which  are 
resistant  to  a  single  physiologic  fom  of  leef  rust  can  be 
obtained  by  selection  within  a  variety. 

Heine,  Leighty  end  Johnston  (SO)  found  leef  ruat  to  bs 
Inherited  In  e  very  definite  manner.  They  were  able  to  de> 
field  condition  that  resistance  Is  heritable, 
factors  prevented  an  accurate  determination 
of  ratios  in  sons  esses.  In  greenhouse  experiments  on  seed- 
lings from  various  crosses,  resistance  wee  found  to  be  due 
to  different  factors  or  groups  of  factors.  Independently 
inherited.  Resistance  In  sons  easee  was  dominant  while  in 
asee  susceptibility  was  dominant.  Several  of  the 
segregated  in  slnple  3:1  ratios. 


Mains  (87)  found  evidence  of  roalator-ce  being  duo  to 
different  sets  of  factors  In  different  lines  of  wheat. 

Busk  Resistance 

Tlsdale  end  others  (44)  report  that  nearly  all  American 
wheats  are  aore  or  less  susceptible  to  bunt.  The  bard  red 
winter  wheats  as  a  class  are  considered  to  be  nore  resistant 
to  bunt  than  the  bard  red  spring,  soft  red  winter  or  white 
wheat  olasses. 

Gaines  (in)  concludes  tarn*  bunt  resistance  of  wheat  Is 
definitely  heritable  aoeordiag  to  the  conaonly  recognized 
laws  of  genetics.  Types  of  hybrids  possessing  the 
tire  resistance  of  both  parents  were  observed.  Bunt 
resistance  is  not  considered  to  be  linked  (17)  closely 
with  any  snrphologloal  characteristic  to  prevent  the  selec- 
tion of  a  strain  of  any  morphological  type  desired.  Differ- 
ent varieties  of  wheat  are  thought  to  possess  different 
types  of  resistance  involving  multiple  factors. 

Oalnes  and  "ingle ton  (19)  stats  that  rssistanee  to  bunt 
In  the  cross  arquia  x  Turkey  le  apparently  caused  by  two 
factors,  the  one  carried  by  Turkey  being  auch  nore 
"prepotent*  than  the  one  carried  by  Bavenis.  Sndth  (40) 
in  a  cross  between  a  hard  red  winter  wheat  realstant  to  bunt 
and  a  hard  red  spring  wheat  sueeeptible  to  bunt  was  able  to 


combine  the  bunt  resistance  of  the  sister  wheat  with  the 
coring  growth  habit  of  the  spring  wheat.  Types  acre  re- 
sistant than  the  resistant  parent  were  obtained. 

Brigns  (4)  concluded  that  swdlfying  factors  influenced 
the  resistance  of  certain  varieties  of  wheat  to  certain 
physiologic  foras  of  bunt.  Part  of  the  variability  ofc 
In  heteroaygous  and  heaosygous  susceptible  F5  hybrids  was 
ttwiicJht  to  be  due  to  modifying  factors. 

Asnodt  (1)  believes  bunt  resistance  is  governed  by 
oultlple  factors.  In  eight  of  the  nine  crosses  which  he 
studied  the  average  pwantags  of  bast  infection  of  the 
by  rids  was  lnteraedlato  between  that  of  the  two  parents. 
In  one  cross  the  average  percentage  of  bunt  infection 
greater  than  that  of  either  parent. 

(S)  using  a  single  physiologic  font  of 
wheat  to  differ  from  white  Federation 
Federation  by  two  nain  genetic  factors.  The  presence  of 
otter  factors  nay  become  apparent  if  other  physiologic  foras 
of  bunt  are  used.  Odessa  crossed  with  Shite  federation  (6) 
end  Banner  Berkeley  crossed  with  the  sans  variety  (7)  showed 
only  one  aain  factor  difference*  Denser  Berkeley,  Martin 
and  White  Federation  are  thought  to  have  identical  factors 
for  bunt  resistance,  turkey  crossed  with  White  Federation 
(0)  gave  a  single  aaln  factor  difference  for  resistance  to 


bunt.  This  factor  reae-ibles  tha  second  Hussar  factor  In  that 
about  half  of  tha  heterozygous  plants  oceans  infootod  with 
hunt. 

lllon-.oaton  (IS)  not  load  that  bunted  wheat  plant  a 
were  heavily  Infootod  with  yellow  rust  and  that  bunt-free 
plants  ooro  eostperotively  fro*  from  yellow  rust.  Hust  re- 
olstaneo  woa  thought  to  be  brolcon  down  in  plants  contaminated 
with  bunt. 

winter  Hardlnaaa 

Clark,  :*rtln  and  Factor  (18)  studlad  tha  comparative 
hardlnosa  of  winter  whoat  varieties  In  uniform  wlnter- 
nursorlos  in  tha  Great  Plains* 

and  Clark  (36)  state  that  low  teaparaturoa 
cause  nearly  aa  heavy  losses  to  the  whoat  crop  as  all  wheat 
diseases  combined. 

Qulaenherry  (34)  and  QDlaanbarry  and  Clark  (SB)  oonelude 
that  winter  hardlneaa  la  controlled  by  several  genetic  fac- 
tors. Environmental  conditions  are  thought  to  greatly 
influence  the  expression  of  winter  hardlneaa.  Difficulty  in 
eowbtjalng  winter  hardlneaa  and  ear  lines s  was  experienced. 
Ball  (8)  states  that,  "cold  injury  to  wheat  any  be  due  to 
one  or  store  of  many  different  factors  in  the  envlronaant ." 
■Bd  aanodt  (21)  consider  the  inheritance  of  winter 


hardiness  to  be  very  complex  and  without  doubt  doe  to 
several  genetic  factors. 

r'jotln  (31)  found  the  Ps  hybrids  In  the  crosses  which 
be  studied  to  be  mostly  lnternedlate  bet— n  the  two  parents 
In  winter  hardiness.  Hayes  and  Qarber  (22)  report  that  In  a 
cross  between  Odessa  and  Turkey  a  few  selections  were  ob- 
tained which  were  as  hardy  at  hardier  than  Odesaa,  the  hardy 
parent.  One  of  these  hardy  selections  was  nawsfl  Hlnturkl 
and  Is  now  grown  In  southern  Uimesoto. 

Clark,  Martin  and  Parker  (12)  report  Unturkl  to  be 
considerably  nore  winter  hardy  than  varieties  such  as  Kanred 
and  Kharkov.  Bill  and  Saloon  (23)  found  Slnturkl  to  be 
relatively  hardy  when  subjected  to  artificially  produced  low 
t— ajoratmrot  If  thoroughly  hardened  off  before  free  ting. 

Barllneas  and  Plant  Height 

nNManeon  (42)  concludes  that  eerllneaa  can  be  eonblned 
with  other  desirable  eharaeterlstics  by  .'jendelien  aethoda 
but  that  It  la  necessary  to  use  large  nunbera  of  Individuals. 
Ceveral  genetic  factors  (43)  are  thought  to  be  Involved  In 
the  Inheritance  of  earllnees.  ireeraac  (16)  considers  tlae 
of  beading  to  be  governed  by  three  or  more  "iJendellslng" 
unit  factors. 

Clark  (0)  obeerved  a  negative  correlation  between  date 
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of  heading  end  yield.  Karly  Maturing  plant*  ware  more  pro- 
ductive than  lata  maturing  plants.  The  amount  of  correla- 
tion between  data  of  heading  and  plant  hoi.  fct  in  hybrids  of 
Iota  x  Hard  Federation  lnoreaaod  with  Inerwaeingly  unfavor- 
able environmental  conditions,  Karly  plants  had  a  tendency 
to  be  short,  and  lata  plants  had  a  tendency  to  be  tall* 

Quality  Pastors 

Roberta  (37)  concludes  that  protein  content  in  wheat  Is 
an  inheritable  character.  Sons  varieties  are  considered  to 
be  laore  flexible  than  others  in  regard  to  protein  content, 
whan  grown  under  varying  climatic  conditions.  Clark, 
I'lorall  and  Booker  (10)  report  kernel  texture  to  be  strongly 
inherited  in  Fs  hybrids.  Several  genetic  factors  appeared 
to  be  involved.  Diffeo  sad  Kngledow  (S)  coneldar  gluten 
atrongth  to  be  an  inheritable  character.  In  several  of  the 
crosses  which  they  studied  the  hybrids  tended  to  segregate 
into  "weak,"  intermediate  end  "strong"  gluten  strength 
groupa  In  the  proportions  of  86,  60  and  86  par  cent,     , 
respectively. 

Swansea  and  Kroeker  (41)  are  of  the  opinion  that  two 
characteristics  pa  taining  to  baking  quality  are  Inherited, 
namely;  resistance  to  mechanic nl  action  and  raeponae  to 
oxidising  agents.  These  characteristics  appear  to  be 


antagonistic  and  the  varieties  which  possess  the 
to  lack  the  other. 

(SO)  In  eroasee  between  Harqule  and  Preston  and 
and  Haynea  BXueatea  concludes  that  kernol  pluapnees 
la  strongly  Inherited  and  la  associated  with  hirh  plant 
yield.  Inheritance  of  kernel  siaa  la  thought  to  be  due  to 
multiple  factors. 

uithln  a  given  sample  of  wheat  Hewton,  Cook  and 
Hallooh  (32)  round  vitreous  kernels  to  be  hardar  and  to  eon- 
tain  more  protein  than  atarchy  kernels.  Shollenberger  and 
Clark  (89)  state  that  wide  variations  in  the  milling  and 
Baking  qualities  occur  within  a  variety  of  wheat  due  to  the 
aeaaon  and  locality  in  which  the  crop  la  grown,  'inturkl 
whan  grown  under  dry  conditions  produces  softer  grain  than 
Turkey,  Kharkov  or  Kanred  hut  under  the  mora  humid  condi- 
tions of  Minnesota  the  kernels  of  r^lnturkl  are  aa  hard  aa 
of  other  hard  red  winter  wheat  varieties. 
(41)  was  found  to  be  fully  equal  to  any  of  the  older 
and  more  extensively  tasted  hard  red  winter  wheats  in  baking 
quality. 

Pelahenke  (S3)  of  the  University  of  Iielle, 
assigned  roarloal  standards  for  gluten  quality, 
by  the  time  nonauHSil  from  the  beginning  of  fermentation  to 
the  first  bursting  of  the  dough  ball.  Specific  gluten 
quality  was  obtained  by  'Ivldlng  the  time  In  minutes  required 


for  the  doucb  ball  to  burst  by  the  percentage  of  protein  In 
the  wheat.  Saunders  and  Humphries  (96)  used  a  method 
similar  to  the  one  used  by  Pelshonke  In  determining  the  bak- 
ing value  of  flour  samples,  cutler  end  woraella  (14)  found 
a  high  "time"  test  for  ore.  d  flour  end  a  low  "tine"  teat  for 
pestry  flour.  They  used  this  method  In  determining  the 
quality  of  new  hybrids. 

KATBRXALS  ABD  METHODS 


and  mnturfcl  ware  used  as  parents  In  this  cross 
of  the  strongly  contrasted  characters  which  they 
.  A  combination  of  the  desirable  characteristics  of 
these  two  varieties  would  result  In  a  superior  variety  of 
wheat  for  growing  in  Kansas.  The  contracted  characters  of 
these  varieties  are  as  follows t 

"inturlrt 


hardiness 

period  Medina  early  mdeaason  to  late 

Leaf  rust  reaction  Relatively  resistant  Susceptible 

Bunt  reaction  Highly  susceptible  Resistant 

Quality  of  grain  Bard  Semihard 

Shape  of  kernel  abort  Bttwaf, 

of  straw  Stiff 


is  described  by  Clark,  Parker  and  ttaldron  (15) 

as  follows t 

"lenmarq  (Kan.  Ko.  549,  C.I.  Ho.  695S)  was  produced 
from  a  hybrid  between  Marquis  and  P-1066.  7ba   latter  Is 
a  selection  similar  ta  Kenred,  both  from  Crimean,  CI. 
Ho.  1438.  The  cross  was  made  In  1917  from  the  crop  of 


1916- '17  at  Manhattan,  Kan.,  and  Tenmarq  is  the  result 
of  a  salaetlen  aada  In  1921.  It  was  developed  by  the 
■ircinwj  department  of  the  Kansas  Agricultural  iixperi- 
aent  Station  in  cooperative  experiments  with  the  Office 
of  Cereal  crope  and  Diseases,  Bureau  of  Plant  Industry, 
U.  s.  Department  of  Agriculture. 


Is  bearded  and  has  shite  glabrous  glumes, 
long  boars,  and  short  hard  red  kernels.  It  Is  a  true 
sinter  wheat,  but  the  grain  is  sonatinas  graded  as  hard 
red  spring  or  mixed.  Its  superior  characters  are  high 
yield,  excellent  quality,  early  maturity,  and  stiff 
straw*  Its  chief  defects  are  that  it  is  susceptible 
to  Hessian  fly  attack  and  has  only  slightly  , reatar 
winter  hardiness  than  i'Oackhull." 

Unturki  was  proiueed  from  a  cross  between  Odessa  and 
Turkey  made  In  1908  at  the  Umaaseta  Agricultural  Experiment 
Station.  It  Is  groan  in  Minnesota  and  by  experiment  sta- 
tions in  other  norttiern  and  western  states.  Clark,  .'art In 
Sail  (11)  describe  Kinturkl  as  follows: 

"Plant  winter  habit,  mldesason,  midtall}  stem 
white,  weak}  spike  awned,  fusiform,  mid-dense,  inclined} 
glumes  glabrous,  yellowish  white,  mldlang,  narrow; 
shoulders  wanting  to  narrow,  obliques  beaks  1  to  S  mm. 
long}  awns  4  to  8  em.  long]  kernels  red,  mldlong,  semi- 
hard, ovate  to  elliptical,  acute}  germ  small}  crease 
narrow,  shallow  to  mid-deep}  cheeks  rounded}  brush  small, 
mldlong  to  long. 

"Ibis  variety  la  very  winter  hardy.  It  resembles 
Turkey  except  In  having  softer  kernels  and  in  being 


Typical  kernels  of  Tenmarq  and  mlnfcaral  are  shown  In 
Plate  Z.  Under  Kansas  conditions  ".latum  produces  a  seod- 

grain  as  compared  to  the  very  Itard  grain  produced  by 
As  shown  In  Table  1,  Tenmarq.,  under  Kansas  condi- 
tions, is  earlier  than  matarkft.  For  the  eight-year  period, 
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1925  to  1USS,  Inclusive,  Tentoerq  averaged  four  day*  oarller 
la  beading  and  throe  days  oarller  In  ripening  than  Htntnrkl. 
Hlnturkl  had  an  average  height  of  43  Inehoa  coopered  to  an 
average  height  of  41  Inches  for  entaarq.  The  data  shown  In 
Table  I  are  from  the  wintar-hardlneas  nuraerlee  groan  at 
Bsehattan. 

Tenraerq  baa  an  avera  e  teat  weight  of  56.8  pounds  for 
the  el^ht-year  period  and  Plnturkl  haa  en  average  teet 
aelght  of  56.6.  Kernel  plunpnesa  notea  averege  about  the 
saae  for  both  varieties.  Hintartel  haa  a  eliihtly  higher 
average  per  cent  winter  survival  than  Tenaarq.  Differences 
In  winter  survival  were  very  snail  with  the  exception  of 
1986  when  Mnturkl  had  a  winter  survival  of  99.8  per  cent  as 
eoeperod  to  only  66.8  per  cent  survival  for  Tetenarq.  as 
shown  In  Table  X  Ten-aero,  usually  has  a  lower  percentage  of 
leaf  rust  Infection  then  ranturkl.  It  will  be  noticed, 
however,  tint  the  difference  In  percentages  of  Infection 
varies  greatly  frost  year  to  year.  In  1927  there  was  very 
little  difference  In  the  anoont  of  leaf  rust  Infection 
recorded  on  the  two  varieties,  both  appearing  rather  sus- 
eeptlble.  In  1950  Hlnturkl  wee  rather  susceptible  while 
Tentoarq  showed  narked  resistance. 

The  percentage  of  bunt  recorded  In  the  botany  nursery 
at  Manhattan  en  Tsiansra,  and  Mlnturki  shows  winturki  to  be 


resistant  and  Tanwarq  to  be  susoeotlble.  Bunt  infections 
recorded  on  these  varieties  during  the  four-year  period, 
1969  to  1988,  are  as  follows: 

Par  Cant  Bunt  Infection 
MM 


19B9 42.6  l. 

1930 83.5  4.6 

1951 84.0  E.2 

1938 66.0  17  f  4 

Average 39.0        6.6 

Data  on  bunt  Infection  collected  en  i'emnerq  and  Mn- 
turkl  at  other  experiment  atatlone  are  In  agreement  with 
results  obtained  at  Manhattan.  In  1909,  baaed  on  data  col- 
lected at  nine  exporiaent  stations  in  the  winter  wheat  area, 
Tanwarq  averaged  81.fi  par  cent  bunt  Infection  and  Ulnturki, 
8.7  par  cent  Infection.  In  1938  In  a  similar  test  at  eight 
atatlone  ieunerq  averaged  37.6  par  cent  bunt  and  yinturkl, 
6.7  per  cant.  normal  and  bunted  kernels  of  wheat  are  shown 
In  Plata  II. 

The  cross  Tonnarq  z  'in  turkl  was  made  In  the  agroacaqr 
oreanlwwwia  at  ffanhattan,  Kan.,  during  the  winter  of  1986- '87. 
The  Px  generation  consisting  of  six  Fj,  plants  was  grown  In 
the  greenhouse  during  the  winter  of  1987- »88.  The  seed  from 
each  !  J  plant  waa  kept  aeparate  and  apaaa»planted  In  the 
agronosy  nursery  at  Manhattan  in  the  fall  of  1980  to  produee 
the  Vq  population  grown  in  1989. 
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Plata  II.—  Normal  (upper)  and  bunted  (lower) 
kernels  of  wheat. 


I'5  lines  selected  from  Individual  1'2  plants  ware  grown 
In  the  agronuuy  nmwy  *t  Jsanhattat!  and  at  Colby,  .an.,   In 
1930.  Thirty-six  lines  were  groan  in  space-planted  rows  at 
■anhattin  and  thirty-two  lines  were  groan  at  Colby  but  vers 
not  space-planted.  At  Manhattan  only  Ps  plants  noted  as 
resistant  to  leaf  rust  in  toe  heading  stage  In  1980  tare 
selected  for  growing  tee  Pa  lines  in  1931.  Individual  head 
selections  were  node  from  the  I-5  Unas  at  Colby.  These  se- 
lections aero  nade  at  random  aa  far  as  resistance  to  leaf 
rust  was  concerned. 

One  hundred  and  forty-nine  F4  lines,  selected  from 
individual  J 8  plants  groan  at  Manhattan  in  1990  and  noted 
as  resistant  to  leaf  rust  In  the  heeding  stoce,  ware  grown 
in  uniform  space-planted  rows  in  the  agronomy  nursery  at 
Manhattan,  at  Colby,  Kan.,  and  North  Platte,  l.'ebr.,  in  1931. 
One  hundred  of  these  same  P4  lines  were  also  grown  in  space- 
planted  rows  at  JUtron,  Colo.  These  uniform  nurseries  were 
grown  primarily  for  obtaining  Information  on  the  winter 
hardiness  of  the  hybrid  lines.  Parental  c  aas  were  planted 
in  each  of  the  nurseries.  :  lnety-six  individual  head  selec- 
tions from  the  Vs  linn*  groan  at  Colby  in  1330  were  grown  in 
space-planted  nursery  rowe  at  Manhattan  in  1931. 

Seed  of  31  P2  plants,  selected  from  the  t'g  population 
at  Manhattan  in  1989,  was  Inoculated  with  a  Kansas 
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composite  of  physiologic  forma  of  bunt  end  planted  In  the 
botany  nursery  at  Hanhattan  In  the  fall  of  1930  for  growing 
the  F5  lines  In  1931.  "tony  of  those  seao>  P3  lines  were  also 
grown  In  the  a<Tonociy  nursery.  The  {'4  lines  grown  at 
aanhattan,  Colby  and  North  Platte  were  also  grown  In  the 
botany  nursery,  and  were  Inoculated  with  the  aane  bant 
Inoculum  as  the  F3  lines.  Both  the  Pg  and  P4  lines  were 
green  In  space-planted  rows  one  rod  long.  The  porcente, e  of 
banted  plants  eeeorrlng  In  each  F3  end  F4  line 


The  Fg  lines  groan  In  1938  were  selected  fron 
Individual  plants  of  P4  lines  that  were  bunt-free  In  1931. 
The  Pg  lines  were  Inoculated  with  a  Kansas  eotapoelte  of 
physiologic  foras  of  bant  and  groan  In  the  botany  nursery  In 
1938.  Hunt  notes  taken  In  1938  represent  the  percentage  of 
banted  heads  occurring  In  each  line.  It  was  Impossible  to 
determine  the  number  of  bunted  plants  since  the  aaterlal 
was  not  spaee-plaittod.  Pg  lines  selected  fro ;  !g  planta  of 
bunt-free  Pg  lines  are  being  groan  In  the  botany  nursery  In 
1933.  These  hybrid  lines  were  also  inoculated  with  a  Kansas 
ooapoelte  of  physiologic  foras  of  bunt. 

F3  and  F4  seedling  plants  ware  lnoeul&ted  with  known 
physiologic  force  of  leaf  rust  in  the  two-loaf  stage  during 
the  winter  of  1930- '31.  Different  FS  and  r4  lines 
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grown  in  Individual  pots  and  the  reaction  of  the  seedlings 
of  each  individual  line  to  various  physiologic  forms  of  leaf 
rust  determined.  Fg  seedling  plants  were  inoculated  with 
physiologic  forms,  3  and  9.  P4  lines  were  inoculated  with 
physiologic  forms  9,  15  and  26.  The  P4  lines  used  in  these 
seedling  Inoculation  experiments  were  selected  from  Fg 
plants  noted  as  resistant  to  leaf  rust  in  the  heading  stage 
in  the  agronomy  nursery  in  1930.  These  are  the  aarae  lines 
that  were  grown  in  the  agronomy  and  botany  nurseries  at 
Manhattan  and  in  the  nurseries  at  Colby,  North  Platte, 
Hebr.,  and  Akron,  Colo.,  in  1931. 

BXPBRMEKTAL  RESULTS 

Resistance  to  Leaf  Rust,  Puccini a  triticina 

Reaction  of  Hybrids  in  the  Heading  Stage.  The  reaction 
of  the  hybrids  to  leaf  rust  was  determined  in  the  heading 
stage  in  the  field  and  in  the  young  plant  stage  in  the 
greenhouse.  The  percentage  of  leaf  rust  In  the  heading 
stage  In  the  field  was  determined  on  the  F«>  population  and 
on  F5  and  F4  lines  grown  In  the  agronomy  nursery.  Seedling 
inoculations  with  several  known  physiologic  forms  of  leaf 
rust  were  made  on  plants  of  P5  and  F4  lines  in  the  green- 
house. 

The  estimated  field  infection  of  the  six  Fg  popula- 
tions from  six  Px  plants  varied  from  50  to  70  per  cent  to 


80  to  30  por  eeat.    Villa  to  tbe  onXy  inforaatlon  available 
on  the  rust  reaction  of  the  i8  generation  wblcb  waa  crown 
In  tbe  aeronoay  mrwn  In  1930.     Rotes  on  tbe  ruat  reaction 
«T  tbe  individual  v6  plants  wwWhivi  been  such  nor* 
reliable  than  tbe  general  mar  mot*.    thie  Ft  population  was 
evidently  eeaeaoailiic  Tor  faatora  sovernlng  resistance  to 
loaf  r-iat,  aa  aboan  by  results  obtained  In  V&,    Tennero,  b*d 
10  to  70  por  oont  leaf  rait  ■—pared  to  70  to  00  nor  cant 


nortyelx  i  s  Xinoe  from  individual  rc  planta 
In  ain.-le  epeoe-plantod  eieht»foot  rows  in  tba 

in  1980.    Each  r8  Xtno  wee  eitbar  resistant 
ar  coeeeptlblo  to  leaf  ruat.    The  different 
of  infection  awe  vary  easily  distinguished,    six 
were  boaneygoue  eueeeptlble,  IS  were  ■■cragat'tni 
for  rasiatanoa  end  14  vara  bonoeyigeue  reaietant.    Tba  mat 
reaatlon  of  the  individual  plants  in  tba  eegrecating  roaa 
aaa  Intenrtnea.  Aa  aboan  in  Table  XX,  BOO  pXanta  in  tba 
seeracatlng  roaa  were  found  to  be  aaaoaptlbXa  and  89 
reaietant.     A  few  of  tba  planta  in  tba  neoagat 
•PvCMred  to  have  an  intermediate  raaetion.    They 
planed  in  tbe  eueeeptlble  aXaaa.    On  tba  bests  of  a  StX 
ratio  tbere  is  a  deviation  of  6t  S.48  froa  noraal 

Thie  ia  eoneidarad  to  be  a  vary  eXoaa  fit.    Tba 
that  reeietanee  to  leaf  mat  ia  this  eroaa  ia 


TaM*  II  —  Reaction  to  loaf  rust  of  Individual  plant* 
of  Fa  linos  of  Tonmrq  x  Hlnturkl,  segregating  for  re- 
sistance to  loaf  rust,  hooding  stags. 

Agronoogr  nursery,  1090. 
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do*  to  a  tingle  main  genetic  factor  with  susceptibility 
doadnant.  JUnturkl  was  vary  susceptible  to  the  prevalent 
physiologic  fopos  of  leaf  rust  in  1930  while  Tenraarq  shoved 
Barked  resistance.  Leaf  rust  infection  on  Jenaarq  varied 
froB  a  trace  to  BB  per  cent.  Tenraarq  was  nor*  resistant  to 
the  physiologic  foraa  of  leaf  rust  prevalent  in  the  egrononj 
noreery  in  1930  than  in  aost  seasons.  Leaves  of  resistant 
and  susceptible  hybrids  and  leaves  of  the  two  parents  are 
ahosn  in  Plats  III*  Tsnaarq  usually  shows  sons  resistance 
to  leaf  rust  but  not  so  «nch  so  indicated  in  this 
graph. 


assistant  F  plants  froa  resistant  rows  and  resistant 


1 8  plants  fron  asgrsgating  rows  were  tagged  in  the  field  in 
U30.  In  selecting  r8  plants  for  growing  i'€  lines  in  1331, 
only  those  plants  narked  rust  resistant  were  saved,  other 
characteristics  rush  as  general  plant  vigor,  uniformity  of 
tillers  and  heads  i  and  shape,  texture  and  plutapness  of 
kernels  ware  also  considered  in  asking  these  selections. 

Shirty- two  F9  lir.es  wars  grown  at  Colby  in  1930. 
were  not  epaee-plented,  hence  individual  plant  ssleotic 
could  not  be  node.  Individual  head  selections  wen 
froa  these  Fs  lines  disregarding  the  reaction  of  the  plants 
to  leaf  rust. 

One  hundred  and  forty-nine  l4  lines  selected  froa  rust- 
reslstsnt  Fg  plants  wars  grown  la  ths  wgrawasy  nursery  in 


Plat*  III.—  l**f  ruat  infection  of  Tenmra.  Iv+mlmtaccit) , 
aintortcl  (suMMptlbl*)  and  of  wu«5«ptit>Xe  and  realatant  Ps 
<*  vonaarq  x  Kinturki. 


of 


(a) 
Blnturkl 


1991.  Sight?-*!*  I- 4  lines  selected  from  Fg  lines  grown  at 
Colby  In  1990  were  also  grown  In  the  agronomy  nursery  In 
1951.  The  F4  linos  selected  from  I's  lino*  grown  at  Colby 
In  1990  wore  selected  more  or  less  at  randon  as  far  ae  leaf 
rust  roaction  la  concerned  and  should  be  representative  of 
an  unseleeted  population  as  for  as  this  character  la  con- 
1.  The  1  4  lines  selected  from  the  resistant  !'s  plants 
considerable  leaf  rust  Infection.  There  Is  con- 
siderable difference  in  the  amount  of  Infection  in  the  two 
groups  of  selections,  one  from  l's  plants  selected  at  Ban- 
hattan  and  known  to  be  resistant,  the  other  from  Fs  plants 
selected  at  Colby  without  reference  to  leaf  rust  reaction. 
The  F4  lines  unseleeted  for  rust  resistance  had  an  average 
leaf  rust  infection  of  49  per  cent.  The  F4  lines  selected 
latent  F_  plants  had  an  average  infection  of  only 


84  per  cent.  Tenoarq  had  an  average  Infection  of  99  per 
seat;  and  Mnturkl  an  average  infection  of  51  per  cent.  The 
1 '4  lines  selected  from  the  rust-resistant  Fs  plants  are  mors 
res  is  tart  as  a  group  than  either  parent*  She  percentages 
of  leaf  rust  infection  of  the  two  groups  of  '.4  lines  and 
patent ■  are  shown  in  Table  III.  The  data  are  presented 
graphically  in  Figure  1.  There  ia  evidence  of  transgress lv« 
segregation  for  resistance  to  leaf  rust  In  this  cross.  A 
combination  of  factors  for  moderate  resistance  from  the  two 
has  resulted  in  considerably  more  resistance  In  seme 


Table  III.**  taaf  rust  Infection  of 
resistant  F5  plants  end  from  F-,  plants  s< 

nursery,  1931 
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Pig.  1. —  Leaf  rust  infection  of  F.  lines  from  rust-resistant 
F3  plants  and  from  F3  plants  selected  at  random,  agronomy  nursery, 
1931. 
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of  tho  hybrid*  than  is  shown  by  either 

She  physiologic  forms  of  leaf  rust  present  In  1031  were 
apparently  different  from  the  forns  prevalent  In  1990,  Judg- 
log  from  the  susceptible  reaction  of  Tcnmsrq  recorded  In 
1931*  Tenaarq  had  an  average  infection  slirfetly  higher  than 
"Inturki  In  1931. 

Reaction  of  1*5  and  F4  Hybrids  to  Known  Physiologies! 
Foros,  In  the  Seedling  Stags.  Plants  of  P3  and  I4  lines  in 
the  two-leaf  seedling  stage  vara  inoculated  with  known 
physiologic  ferns  of  leaf  rust  in  the  greenhouse  daring  the 
winter  of  1930- •  31.  The  l<3  seedlings  were  inoculated  with 
physiologic  forms  3  and  9  and  the  P4  seedlings  wars 
inoculated  with  forms  9,  15  and  96.  Plants  of  each  hybrid 
Una  wars  grown  in  a  separate  pot  for  each  inoculation  made. 
Approxlactely  90  seedlings  were  grown  in  each  pot.  Parental 
cheeks  ware  inoculated  with  each  of  the  physiologic  forns. 

Twenty-five  !  s  lines  were  inoculated  with  leaf  rust 
physiologic  form  3.  nearly  all  of  the  seedlings  ware  sus- 
ceptible to  this  form  of  rust.  There  ware  a  few  seedlings 
in  seven  of  the  pots  that  showed  some  resistance  as  evl- 
by  small  uredinla  surrounded  by  definite  ehlorotie 
The  susceptible  seedlings  had  abundant  uredinla 
without  chlorosis.  Tiiwsfs,  appsartit  to  be  segregating  for 
resistance  to  physiologic  form  8.  Two  pots  of  Tenmarq 
seedlings  ware  lnoeuleted  with  this  form  of  leaf  rust  and 


In  both  oum  about  SB  to  SO  por  cent  or  the  seedlings 
slightly  resistant.  Hoot  aeedlinns  of  i&nturki  vers  sub» 
eeptlble  although  a  few  seedlings  In  each  of  the  two  pots 
showed  a on*  resistance.  Soedlinca  of  SB  K3  llnea  vara  in- 
oeulctod  with  physiologic  fom  9*  Only  six  llnea  showed 
any  signs  of  resistance.  A  email  nwaber  of  seedlings  In 
those  six  lines  shoved  moderate  resistance  while  the  most  of 
then  were  vary  susceptible.  Sennarq  was  Moderately  sus- 
ceptible and  Hlnturkl  was  wary  auscaptlbla. 

Physiologic  foraa  S  and  9  are  forsa  ooaaonly  occurring 
In  Kansas.  On  the  basis  of  these  observations  it  seams 
likely  that  the  infection  observed  on  the  I's  Unas  crown  la 
the  agronony  nursery  in  1990  was  caused  by  sons  physiologic 
for»  other  than  font  S  or  9. 

*he  reaction  of  the  1 4  lines  Inoculated  with  phyalo- 
loele form  9  in  the  aeedllnc  stage  in  the  crswlimsn  wan 
Bueh  Ilka  the  reaction  obtained  on  the  1'3  lines.  Infection 
on  all  aeadllnga  was  described  as  type  4,  very  suseeptlble. 
The  F4  lines  used  in  those  seedling  Inoculation  tests  ware 
selected  Iron  P9  plants  noted  as  reeiatant  to  leaf  rust  in 
the  heading  ataga  In  the  agronony  nursery  in  1990.  Teraarq 
and  Hlnturkl  ware  both  auaeeptlble  to  font  9. 

Saadllnga  of  the  i'«  llnea  showed  sons  resistance  to 
physiologic  form  16,  as  shown  in  the  following  tabulation: 
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Medium   Medium 
lias.     os.    Sue.    Sua. 
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One  of  the  F4  Unaa  la  the  resistant  olaae  showed  a  very 
high  Bears  ■  of  resistance  to  this  form  of  loaf  rust.  Tills 
earns  F4  line  «aa  highly  resistant  to  phyaiolof-io  font  80  In 
the  seedling  stag*  and  shewed  considerable  resistance  to 
leaf  rust  In  t!»  heading  stage  In  the  1991  ageiwwj  nursery. 
The  reaetlon  of  the  first  and  second  loams  of  a  aaadl  lug 
from  this  resistant  line  and  loaves  of  intermediate  and 
susceptible  F4  seedlings  are  shown  In  Plate  IV.  First  end 
leaves  of  Tentaarq  and  Minturki  are  also  shown  in 
•  All  of  the  eeedllnga  froa  which  those  loaves 
had  been  Inoculated  with  physiologic  form  IS* 
ppeared  to  he  segregating  for  roaiatanoe  to 
form  IS.  all  seedlings  of  Hinturki  in  one  of  the  pots  were 
eusoeptlble.  The  other  pot  contained  a  few  very  resistant 
seedlings.  Tbeae  very  resistant  seedlings  probably  repre- 
sent mixtures  of  soma  other  variety  ar  natural  hybrids. 
Phyeloloeic  form  IS  is  not  a  prevalent  form  of  leaf  rust 
in  Kansas  every  year  but  la  abundant  in  occasional  seasons. 
This  form  of  rust  was  found  in  the  agronomy  nursery  in  1930. 


(b)    (c)     (d) 


Plate  IV.--  Reaction  of  first  and  second  leaves  of 
Tenmarq,  Minturki  and  of  resistant  and  intermediate  sus- 
ceptible F.  seedlings  of  Tenmarq  x  Minturki  to  leaf  rust, 
Puccinla  trltlcina,  physiologic  form  15.   (2)  Tenmarq 
parent,  (b)  resistant  hybrid,  (c)  intermediate  hybrid, 
(d)  susceptible  hybrid,  (e)  Minturki  parent. 


This  may  have  been  the  form  to  which  the  V$   lines 


slatant  In  the  heeding  stage  In  the  1980  agronomy  nureery, 
though  from  the  root  reaetlon  of  the  seedlings  It  aeeoa 
doubtful  If  thio  la  the  case. 

The  P4  aeedllngs  ware  more  realatant  to  physiologic 
fowi  86  then  to  the  other  forns  tested.  More  than  half  of 
the  P€  llnea  shared  some  type  of  resistance.  The  summary 
of  the  leaf  rust  reaction  to  font  86  la  as  follows: 


Medium  Medium 
Ilea.    ;  ie.     Sua.    Sag*    Total 


P4  lines....  1     40       CO       09       M      146 


«■>«•«•       7       7 
tUnturkl....  -     6      ~      —      «       6 
The  same  F4  line  noted  aa  highly  resistant  to 
font  15  was  also  highly  resistant  to  form  86. 
this  line  was  discarded  due  to  a  hich  percentage  of  bunt. 
It  is  highly  probable  that  the  moderate  resistant  classes  of 
eeeftllnga  will  be  highly  realatant  to  thia  form  of  leaf  rust 
at  the  heading  stage  In  the  field.  Johnston  and  Halehera 
(88)  found  this  condition  to  occur  rather  frequently  among 
the  common  bread  wheats.  The  high  degree  of  roe! stance 
observed  In  Km  Kj  lines  In  the  heading  at  ace  In  the  1000 
■griww—y  weary  would  tend  to  Indicate  such  a  condition  in 
these  hybrids.  Seedlings  of  Tenmarq  in  all  seven  pots 

found  te  sagMgate  for  realatanea  to  phyalo- 


logic  fa»*  «6.  Approximately  30  per  cent  of  the  seedlings 
of  Tenmaro,  tm  moderately  resistant  while  the  remainder 
were  susceptible .  Ilinturlril  was  slightly  reels  tent  to  this 
form  of  leaf  rust.  Physiologic  form  86  Is  not  a  cowman  f< 
of  leaf  ruet  in  Kansas.  It  wee  used  In  these  inoculations 
It  was  one  of  the  forms  found  In  the  agronomy 
In  1080. 

Comparisons  were  made  of  the  reactions  of  the  rg  sad 
F.  seedlings  inoculated  with  different  physiologic  forms  of 
leaf  rust.  There  Is  wory  little  evidence  of  clear  cut  cor- 
relations in  the  reaction  to  different  forms*  This  is 
probably  due  to  the  fact  that  a  lores  nwaber  of  the  seed- 
lings were  susceptible  to  several  of  the  rust  forms  used. 
A  in— is  i  j  of  rust  readings  on  Ks  and  F«j  llnee  In  the  seed- 
ling stags  in  the  greenhouse  and  in  the  heading  stage  in 
the  nursery  is  presented  in  Table  IV.  All  of  the  F4  lines 
tested  are  not  included  in  this  table.  Very  little  rela- 
tionship exists  between  the  loaf  rust  readings  in  the  seed- 
ling stage  in  the  greenhouse  and  the  readings  taker,  in  the 
beading  stag*  in  the  nursery.  A  comparison  between  the 
percentage  of  leaf  ruet  Infection  fueorded  en  the  I"4  lines 
la  the  beading  stags  in  the  nursery  and  the  infection 
recorded  on  the  saas  lines  inoculated  in  the  seedling  stage 
in  the  greenhouse  with  physiologic  form  16  is  shown  In 
Table  V.  There  la  some  relationship  existing  between  the 
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Table  IV.—  Reaction  of 
Hinturtd,  to  loaf  rust, 
ataga    In  tha  qreaiilinfliaa" 


and  Fa  llnea. 


.  trlticlna.  In  tha  seedling 

«S  mSBm 


all.  o   i:.  t-e 


Reaction  of  F3  lines 


Boootion  of  1'4  linen 


Vable  V.—  Leaf  ruet  reaction  of  F4  llaea  of  Tewnarq  x 
ilinturkl  to  phyaloloGic  form  15  in  tta  Seedling  etace  «*>  «* 
and  beading  efce«o  in  the  field. 


iacS  ruafc 
Infection 
In   hMfttai 
stage  In 

Me  field 
(Per  eent) 
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10 
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80 
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50 
55 
40 


Beaotlon  of  eeedllnne  In  the  greenhouse 
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re3 :. via: :t 
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Medium 

suscepe.  i 
lole 
(SOS) 
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7 

1 
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HMIipt»i  Average 
lfcle       :per 
(40?)     teent  ta- 

8 feet ion 


1 

8 

9 

35 

26 

SO 

I 

5 


I  ««1 
t 

I  31.8 

s  33.7 

:  30.8 

t 

S  3a  .9 

:  30.5 

:  30.0 

:  40.0 
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eats  of  readings,  linn  highly  resistant  In  the 
ling  atage  In  the  greenhotme  are  also  resiatunt  In  the  beed- 
lng  stage  In  the  nursery.  &  similar  comparison  betveen  tha 
reaction  of  tha  F4  llnoa  to  form  26  In  tba  seedling  stags  In 

of  loaf  rust  Infection 


recorded  on  the 


linos  In  the  heading  stags  In  the 


1J31  ogronoay  nuraery  la  shown  In  Table  VI.  The  relation- 
ship between  theae  two  readings  la  not  so  closs  as  was* 
faro  16  was  compared  with  ths  field  reading  In  the  heading 
atage.  In  order  to  dstermtns  on  average  peroentsge  of  In- 
fection the  resistant  seedlings  were  considered  to  hsvs  an 
lnfeetlon  of  10  per  cent,  ths  acre  or  leas  rssistsnt  elaas 
was  given  s  reeding  of  CO  per  cent  and  ao  on.  Ths 
■atimjarinp  lines  were  not  Included  In  the  comparison.  Ths 
comparison  between  the  rust  NMMes  of  the  F4  linoe  in  the 
aeedltng  stags  to  form  15  and  heading  stags  In  the  nursery 
Is  shown  graphically  in  Figure  S.  A  similar  coaporison  for 
leaf  ruat  form  86  la  shown  graphically  in  Figure  3. 

Ssssticn  of  Ily  ride  to  Bunt 

A  composite  of  physiologic  forms  of  bunt  collected  in 
was  used  in  inoculating  the  Pg,  F*#  P»  and  Fg  lines, 
noeulum  was  obtained  from  ths  Deportment  of  Botany. 
■ash  hybrid  line  planted  represented  s  single  plant  selec- 
tion from  the  previous  generation.  P5  and  F4  lines  with 
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Tabic  VI.—  Reaction  of  F*  linos,  Yenmaro.  x  :?inturld. 
to  physiologic  torn  E6  In  the  seedling  stage  in  the  creen- 
bouae  aid  In  the  heading  stage  In  the  field. 

t       Reaction  of  seedlings  In  the  cjfWDtxw* 
Le*f  ruat  t 

Infection  t                  t 
In  heeding!                  s 
stage  In     t Resistant! 
the  field  i     (10*)     t 
(fer  cent)  i 
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Medium       ',     suaeept-  !3oseept»  i 
resistant!  lble           i  lble       1 
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por  cent 
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tion 
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Pig.  2. —  Percentage  of  leaf  rust  of  P4  lines  inocu- 
lated with  physiologic  form  15  in  the  seedling  stage  in  the 
greenhouse  and  in  the  heading  stage  in  the  field. 
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Percentage  of  leaf  rust,  heading  stage 

Pig.  3. —  Percentage  of  leaf  rust  on  P4  lines  of  Tenmarq  x 
Minturki  inoculated  with  physiologic  form  26  in  the  seedling 
stage  in  the  greenhouse  and  in  the  heading  stage  in  the  field. 
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parental  checks  were  planted  In  the  botany  nursery  In  the 
fall  of  1930.  Seen  hybrid  protsny  was  space-planted  In  a 
single  rod  row.  The  rows  were  one  foot  apart  and  the  aaad 
was  spaaed  approximately  four  Inches  apart  In  the  rows. 
The  Ps  lines  planted  In  the  botany  nursery  In  the  fall  of 
1390  were  from  resnent  aaad  of  the  1^  lines  planted  In  the 
agronaev  nursery  In  the  fall  of  1989.  The  r4  lines  selected 
from  Is  plants  realatant  to  leaf  rust  were  also  planted  In 
the  botany  nursery  In  the  fall  of  1990.  Neither  the  Pg  nor 
the  F*  generations  which  produced  the  P8  and  F4  lines  had 
been  inoculated  with  bant.  The  F8  generation  consisted  of 
Individual  plant  selections  fron  bunt-free  P4  lines. 
The  percentages  of  bunted  plants  of  91  Ps  lines 
inoculated  with  a  Kansas  conposite  of  physlolocle  forms  of 
bunt  are  as  follows: 


aw. 

Total  Infec- 
tion 

—   —    31    11.8 

4    1    10    84.5 

Hlnturkl..  1  8   ------   —     9     M 

P8  Unas  were  as  resistant  to  bunt  as  :&nturkl.  The 

par  oent  Infection  of  the  hybrids  la  between  the 

of  Tewnaro,  and  Blntarld.  The  hybrlde  appear  to  be 


divided  Into  two  groans,  (a.)  resistant  lines  with  0  to  6  par 
eent  bunt  and  (b)  susceptible  lines  with  store  then  10  per 
cent  bunt.  Ben  Fg  lines  showed  less  than  6  per  eent  bun*, 
there  were  only  two  lines  aavinc  between  6  end  10  par  sent 
infection.  The  reamlnier  of  ths  hybrids  bed  over  10  per 
eent  Infection.  The  nu-iber  of  lines  Involved  Is  far  too 
snail  to  atteapt  any  detailed  analysis  of  the  factorial 
basis  of  bunt  resistance  la  this  cross.  »eny  of  the  hybrid 
lines  were  aueh  nave  resistant  to  bunt  than  Tenaarej.  A 
frequency  distribution  of  the  bunt  Infection  of  the  hybrids 
Is  shewn  graphically  In  Figure  4. 

A  large  nonber  of  oust-free  and  low  bunt  lines  were 
obtained  In  the  !  4  generation  although  the  Fg  and  r5 
generations  which  produced  this  F4  generation,  had  not  been 
Inoculated  with  bunt.  The  following  results  were  obtained 
In  F4t 

of  bunted  plants 

AV. 

la  'mo- 
tion 


0  1-  0-  11-  16-  21-  26-  31-  36-  41-  Total 
5     10  15     202630364045 


Of 


F4  lines. .12  23  28  86 


1     8 
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19     10 
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14.0 

84.6 

2.2 


In  the  population  of  148  P4  lines  there 
tag  •  higher  percentage  of  bunt  then  the  aeet  susceptible 
In  the  Fj  generation  of  only  31  lines 
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Pig.  4. —  Percentage  of  bunted  plants  in 
Tenmarq  i  Minturki,  botany  nursery,  1931. 
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as  suseoptiblo  as  the  raost  susceptible  row  of 
The  Pg  and  F«  11dm  wow  all  planted  at  the  sens 
tine  and  under  the  sans  conditions.  The  sane  Inoculum  was 
used  on  the  Fg  and  F€  lines.  The  results  obtained  in  the 
F5  sad  F4  generations  Indicate  the  presence  of  nultiple 
factors  ilstisrwlnlng  reaction  to  hunt  in  this  oroes.  Reeeu* 
hinations  occurred  in  F4  that  appeared  to  be  aore  suseept- 
ible  than  Tenaarq  to  bunt.  It  is  reeeonable  to  expect  also 
that  sons  of  the  bunt-free  lines  observed  In  1 4  any  be  wore 
resistant  than  Mnturki.  A  distribution  of  the  1 4  linee  le 
shown  graphically  In  Figure  6.  The  infection  psreentagee  of 
the  F4  hybride  have  a  tendency  to  for»  n  biaodal  curve, 
though  this  tendency  is  not  so  distinct  as  the  biaodal 
curve  forwod  by  the  Fg  linee.  The  percentages  of  bunted 
plants  in  the  Fg  end  F4  lines  ana  in  the  parents  are  given 
in  Table  vil, 

F4  lines  from  !  3  lines  of  low  bunt  infection  tended  to 
have  a  low  percentage  of  bunt.  The  F8  lines  are  ggowawit  in 
ejusrtiles  according  to  per  cent  bunted  plants  In  Table  VIZI. 
The  bus*  psreentanw  of  the  F4  linee  ere  shown  opposite  the 
Fs  lines  fron  which  they  cans.  The  ejuartile 
as  follows t 


o 

o 

to 

CD 

•P 

a 

a> 
o 


eo 

15 

10 


Means 

Minturki 

Tenmarq 

P4  hybrids 


8    13    18   23    £8   33    38 
Percentage  of  bunted  plants 


43 


Pig.  5. —  Percentage  of  bunted  plants  in  F4  lines  of 
Tenmarq  x   Minturki,  botany  nursery,  1931. 


Table  Til.—  FawwtlgM  of  bunted  planta  In  P8  an*  P4 
Udm  of  Tonaarq  x  'ttnturkl  and  parents. 
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Average  percentage  of  bunted  slants 
Quartlles       Fs  lines        F4  lines 

1  4.0  6.8 

8  12.3  16.6 

9  17.4  18.4 
4  £1.8  81.5 


There  Is  a  very  definite  correlation  between  the 

bunt  observed  In  the  F_  lines  and  the  amount  of  bunt  In  th 

1 4  lines  derived  from  t  hesu  As  the  percentage  of  bunt  lo- 


in the  F3  lines  there  was  i  leo  an  increase  In  the 
of  bunt  found  in  the  1 4  procenies  of  these  lines. 
The  Individual  plants  saved  for  growing  the  F0  genera- 
tion were  selected  from  the  twelve  1 4  lines  which  showed  no 
want  infection.  The  r4  linos  inoculated  with  bunt  and  grown 
in  the  botany  nursery  at  Henbatttn  in  1391  were  also 
at  Akron,  Colo.,  Colby,  Kan.,  and  in  the  agronow 
at  Manhattan.  Desirable  rA  plants  grown  at  each  of  these 
stations  were  selected  from  bunt-free  lines,  as  determined 
in  the  botany  nursery,,  for  growing  the  Fg  generation.  The 
percentages  of  bunt,  based  on  the  nunber  of  bunted  head*  per 
row,  of  the  F5  lines  inoculated  with  bunt  and  planted  in  the 
botany  nursery  in  the  fall  of  1991  and  Harvested  In  1998  ore 
shown  in  Table  XX*  The  average  percentages  of  banted  heads 
in  the  hybrid  lines  end  parental  cheek  rows  ore  aa  follows 1 
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Table  IA.~  Percentagee  of  bunted  heads  In  FB  linee  of 
x  "inturkl  from  bunt-resl»tont  P4  lixmm. 
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Average  percentage  of  bunted  heads 

Pa  line* S.l 

TeWrq. 55.7 

ginturld 2.3 

The  F6  linos  bad  an  average  bunt  Infection  only  slightly 

higher  then  the  average  bant  infection  of  Mlnturkl.  Only 

£8  of  the  MB  Ps  lines  grown  In  1988  from  hunted  seed 

are  then  &  per  cent  hunted  heads*  'mere  were  88 


bunt- free  5'5  lines.  The  dletributlon  of  the  bunt  infection 
of  148  K5  lines  is  shosn  graphleally  in  Figure  6. 

Tsmnsia,  had  a  much  hlrher  Infection  of  bunt  In  1988 
then  In  1991.  The  hlffc  percentage  of  bant  en  Tennerq.  In 
1888  Indicates  that  a  very  good  infection  of  bunt  was  ob- 
tained and  that  hybrid  lines  with  aero  or  low  bunt  Infection 
are  really  resistant. 

The  value  of  the  pedigree  aethod  of  plant  breedlnc  la 
definitely  shoes  In  these  studies  of  bunt  resistance.  In- 
dividual plant  selection  for  bunt  resistance  in  only  one 
generation  has  given  rise  to  an  F5  population  with  an 
average  percentsj-e  of  bunt  infection  only  alirhtly  higher 
that  of  Mtntarkl,  the  resistant  parent. 
There  appeared  to  be  a  preponderance  of  types  with 
of  the  undesirable  plant  characters  of  Kinturkl,  the 
resistant  parent.  Very  few  of  the  bunt  resistant 
types  had  the  desirable  characteristics  of  Teraaarq.  The 
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Fig.  6. —  Percentage  of  bunted  plants  in  F&  lines  of 
Tenmarq  x  Minturkl,  from  bunt-free  Fc  lines,  botany  nursery, 
1932. 
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factor*  for  lone,  Us  bead*,  loaflness  end  lateness  received 
froa  Ulnturkl  wn  present  In  mt  of  the  bunt-r«w  istant 
hybrids* 


of  l*af  Bust  Reaction  and  Bunt  Reaction 


The  leaf  rust  readlnga  taken  on  to*  >'a  lines  gram  Is 
the  botany  nursery  and  the  percentage  of  bunt  recorded  on 
the  sans  lines  ware  coopered.  In  the  material  used  there 
appears  to  be  no  consistent  relationship  between  thee*  two 
characters.  The  percentage  of  bunt  occurring  In  1 3  llnea 
did  net  Increase  or  decrease  with  Increased  susceptibility 
to  leaf  rust.  A  frequency  distribution  coraparinc  the  rust 
and  bant  reactions . of  the  Fs  lines  Is  presented  In  Table  X. 
The  correlation  between  the  percentages  of  leaf  rust 

was  determined  by  the  following  foraula  whore 


IS.  -  (!)  (y) 
»=.  «ad  p.. ..St  t<574g  tW8) 

■y  ^  -  <i>8  Yhp  -  <?s  ^ 

The  value  of  r  was  found  to  be  -.2250± .1696.  There  is  a 
■light  negative  correlation  between  rust  and  bunt  Infection 
i.  but  the  value  of  r  baa  no  statlatloal  slgnlfl- 
»  and  certainly  no  practical  algnlfleaneo. 
The  leaf  met  notes  taken  on  the  F4  lines  grown  in  the 
nursery  in  1031  were  coopered  with  the 
of  bunt  occurring  on  the  sans  llnea  grown  in  the 
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The  comparison  between  roactions  to  tV-oae  two 
U  shown  in  Table  XI.  The  oIimw  of  low  leaf  met 
Infection  show  sll&itly  lower  bunt  infection.  The  differ* 
enees  in  amount  of  bunt  infection  in  the  high  and  low  leaf 
met  classes  are  not  (-rent  enough  to  be  of  much  practical 
significance.  The  correlation  between  percentages  of  leaf 
rust  and  bant  In  the  r4  lines  was  determined.  The  value  of 
r  was  found  to  be  .4707 1  .0436.  This  value  la  statistically 
significant  but  is  not  large  enough  to  have  a  crest  sig- 
nificance in  practical  plant  breeding. 

Belatlve  Winter  Hardiness 


Sinter  survival  pereeotagee  were  determined  on  the  F8, 
Ps  and  F4  generations  of  this  cross.  The  hybrids  were  grown 
In  spaoo-plonted  nursory  rows  one  foot  apart.  The  seeds 
were  spaced  approxinately  4  inchee  apart  In  the  rows. 
Individual  plant  counts  were  and*  In  the  fall  and  again  in 
the  spring.  The  percentages  of  plants  surviving  are  used 
as  an  index  of  winter  hardiness. 

The  winter  survival  of  the  six  i  s  populations,  each 
from  an  Individual  f\  plant,  varied  from  88.8  per  cent  to 
100  per  cent.  Tenraarq  had  an  average  winter  survival  of 
87.*  per  cent  and  Xlnturkl  100  per  oent.  Vary  little  winter- 
killing oecurred  daring  the  winter  of  19B8-»89  at  aanhattan, 
but  the  difference  in  survival  of  Tenmare,  and  ainturi-1  is  in 
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line  with  othor  teat*  of  these  two  varieties. 

winter  survival  percent  acee  were  determined  on  36  Pj 
lines  grown  In  the  agronomy  — reery  In  1930,  end  31  Fg  lines 
crown  In  the  botany  nursery  In  1931*  Estimated  winter  sur- 
vival percentages  were  detersdned  on  33  Ks  lines  grown  at 
Colby  In  1030.  These  lines  were  not  s pees  .planted  naklng 
It  Impossible  to  count  the  nunber  of  plants  per  row  and  to 
determine  the  p era  set  ago  of  survival  aa  at  Manhattan. 
Estimate*  of  survival  instead  of  actual  percentages  of 
•arrival  were  used  at  Colby. 

The  winter  survival  of  the  Fs  lines  grown  at  Manhattan 
In  1930  varied  fro*  80  to  100  per  eent,  averaging  94.3  per 
•ant.  Tenwaro,  bad  an  average  winter  survival  of  93.3  per 
eent  and  Hinturki  95  per  cant.  7b*  winter  of  l'.«0-»30  at 
Manhattan  waa  not  severe  Mi—ga  to  cause  any  great  —omit  of 
winterkilling.  The  hl<;h  per  went  aurvival  of  the  hybrids 
gives  no  aesuranee  that  they  are  exceptionally  hardy,  since 
Taasaarq,  a  variety  known  to  be  only  moderately  cold 
resistant,  also  haa  a  hi,;h  survival. 

At  Colby  under  store  adverse  conditions  the  Pg  lines  had 
an  average  estimated  survival  of  63.6  per  cent.  Hot  all  of 
the  winterkilling  at  Colby  In  1989- •SO  is  thought  to  be  due 
to  low  temperaturea.  Other  factors  aueh  aa  soil  blowing  and 
low  ooisture  content  of  the  soil  are  tho-.«ht  to  be  partly 
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responsible.  The  winter  survival  notes  taken  at  Colby  are 
as  follows t 

Per  cent  winter  survival  (estimated) 

5  IB  26  36  40  50  GO  70  76  00  05  90  Total  survival 

o;>  co:  I 
Masher  of 

!'3  lines,   111224342S5333         63.6 
Tworaarq...  1----------.       i  g.o 

Wnturki,  -------i.._«       i        70.0 

The  winter  survival  estliaatee  of  T miner q  and  Binturkl  are 
baaed  on  only  one  row  of  each  variety.  The  very  low  sur- 
vival of  the  Tenmarq.  row  Is  probably  not  representative  of 
the  variety  as  Teuaarq  in  other  plantings  at  Colby  in 
1929- »S0  had  a  amah  higher  winter  survival,  uinturki,  w  JLch 
is  known  to  be  a  very  winter  hardy  variety,  had  a  winter 
survival  of  only  70  per  cent.  Tlany  of  the  hybrid  lines  in 
thia  nursery  test  appear  to  be  r,>ore  winter  hardy  than 
Wnturki,  but  the  significance  of  this  difference  can  only 
be  dwterrained  by  further  taste. 

There  was  el-wst  100  per  cent  winter  survival  of  -"3 
lines  planted  in  the  botany  nursery  in  the  fall  of  1930. 
Tenaarq  and  ,'iintwkl  also  showed  very  little  winterkilling. 

P4  lines  selected  from  Pg  plants  noted  as  realatent  to 
leaf  rust  in  the  heading  stage  were  planted  at  Banhatton 
and  Colby,  Kan.,  Akron,  Colo.,  end  Horth  Platte,  Uebr.,  to 
obtain  data  on  winter  hardiness.  One  hundred  and  forty-nine 


?4  Unas  were  planted  at  all  of  these  stations  except  at 
Akron  where  only  100  lines  were  planted. 

Br.  H.  8.  Jodon  of  the  Borth  Platte  station  states 
that  there  was  no  killing  aaoog  the  ?4  lines  planted  at 
worth  Platte.  The  winter  of  1980-' 31  was  wary  olid  at 
Colby  and  very  little  winterkilling  oeenrred. 

At  Akron,  Colo.,  sons  winterkilling  occurred  In 
1980- »»l.  The  F4  lines  had  an  average  winter  survival  of 
91.6  per  cent.  Tenmarq.  had  an  average  survival  of  87.6 
par  cent  and  Klnturkl  91  per  oent .  The  wl  nter  survival 
notes  taken  at  Akron  are  aa  follows t 


:>er  oent  winter  survival 

Total  Average 

60  65  00  GS  70  75  00  HD  90  96  100  aurvlval 

aw  aeai 
of 

F4  lines..  1100     1596883027       100  91.6 

Tetwarq...  ----11-.    18      1          6  07.8 

ainturkl..  -------b-5      -          5  91.0 


The  results  Indicate  that  aany  of  the  hybrid  lines  are  as 
winter  hardy  aa  Blnturkl  although  the  average  differences 
are  too  saall  to  be  of  auch  practical  slgaiftoanoe. 

The  I'4  lines  planted  In  the  botany  nursery  In  the  fall 
of  1980  bad  an  average  winter  aurvlval  of  99.8  per  cent, 
Tenoarq  and  Hinturkl  having  survivals  of  99.4  and  98.1  per 
oent,  respectively.  The  winter  survival  of  the  l4  lines 
planted  In  the  agrataway  nursery  in  the  fall  of  1980 
about  the  sens  aa  in  the  botany  nursery. 
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Vary  little  definite  information  as  to  the  relative 
winter  hardiness  of  the  hybrids  as  eoaper«d  to  Tenmarq  end 
Hlnturkl  has  bean  obtained.  At  Colby  In  1930  whan  con- 
siderable winterkilling  occurred  the  hybrid  lines  appeared 
to  be  More  winter  hardy  than  Tenrare,  and  many  showed  a 
higher  percentage  of  survival  than  tlinturkl.  At  AUron, 
Colo.,  in  1931,  the  hybrids  bad  as  hl&  an  average  winter 
survival  as  Hlnturkl.  Those  are  the  only  stations  where 
any  Information  as  to  the  relative  winter  hardiness  of  the 
hybrids  and  parental  varieties  has  been  obtained.  Iitrther 
testing  is  necessary  before  any  definite  conclusions  can  be 
drawn  as  to  the  relative  winter  hardiness  of  these  hybrids. 

Data  of  < lrst  Heading 

The  date  of  heading  aa  reported  in  tMa  paper  represents 
the  date  when  the  first  few  hoods  in  aaeh  roe  anewced  from 
the  boot.  Heading  dates  of  individual  plants  would  have 
been  a  amen  more  reliable  index  of  e&rlinesa  in  the 
segregating  perorations,  but  it  was  impossible  to  secure 
these  data.  However,  these  heading  dates  on  a  row  basis 
glee  an  indication  aa  to  the  relative  earllneas  of  the 
hybrids  aa  compared  to  the  parents. 

Plants  in  the  Pe  populations  grown  in  space "Planted 
rows  had  an  average  first  heading  date  of  Hey  90. 
had  an  average  first  heading  date  of  Hay  £9  and 


Wtoturttl  aa  average  firet  heading  date  of  Jims  S.  The 
hybrid  rows  wore  fully  beaded  a  littlo  surlier  than 
Slnturkl. 

da  first  heeding  dataa  taken  on  the  Kg  linea  grown  la 
the  Agronomy  nursery  in  1980  were  aa  follows: 


Data  nam*  :  or^o' 


.O-   ..V. 


80  SI  22  23  24  26  86  87  28  20  SO  SI  1  2  tal  data 

r.  lines,     11005503  11     40110       S6     5/27 
Tffaamrq..    •••••••••»    ill--        s    5/SO 

Untorkl, -  -  .  .  g    2  0/8 

The  average  first  beading  data  of  the  F.  linea  groan  in  the 

nuroory  in  1930  la  three  daya  earlier  than  the 

first  heading  date  of  Tenmrq.  All  of  the  hybrid 

roes  started  to  heed  before  Hintarkl.  The  lnat  plants  to 

head  in  the  hybrid  rows  hooded  about  ana  day  earlier  than 

the  last  plants  to  head  in  the  Mlnturkl  check  rows.  The 

first  heading  dataa  of  the  Ps  linea  grown  in  1980  are  shown 

graphically  in  Figure  7. 

The  first  heading  dates  ware  also  recorded  on  the  F5 

linea  grown  in  the  botany  nursery  in  1351.  The  average 

first  headlne  data  of  tho  hybrids  falls  between  the  average 

first  heading  dataa  of  the  parents.  Tenwarq  averages  five 

daya  earlier  than  lltacarkt.  The  hybrids  are  a»stly  later 

than  Tonmarq.  The  first  heading  dates  on  the  F8  llnea 

la  the  botany  nursery  an  aa  follows: 


01 


Date  first  headed 

June 


26  E7  88  89  30  SI  1  8  S  4  6  Total   data 


of 

F.  Unas,     10043471011  31 

.2---------  6 

rid,  -----ii----  e 


■/kf 

6A 
to  bo  two  classes  of  lines  In  tli  group,  ana 
Group  that  heads  just  a  little  later  than  Temaarq  and  anotl 
er  group  that  heads  about  the  cone  time  aa  Blnturkl.  This 
la  shown  graphically  In  t'Vure  B.  The  last  plants  to  head 
In  the  hybrid  rows  headad  about  the  sane  time  aa  the  last 
plants  In  the  Minturfcl  rows.  Tenmarq  was  full  headad 
several  days  earlier  than  the  hybrids. 

The  first  heading  dates  recorded  on  the  F«  lines 
in  the  apron— v  nursery  are  aa  follows 


Data  first  headad 


19 

86 

■ 

JT7 

88 

20 

Total 

"  dato 

of 

IS...   1 

14 

87 

4 

56 

87 

149 

B7 
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Itlnturirl. 

The  hybrids  averaged  one  day  later  In  heading  than 

They  averaged  two  days  earlier  than  Hlnturkl.  Theee  data 

on  cooperative  earllnoee  of  parents  and  hybrids  are  shoen 

sraphieally  In  Figure  9.  Host  of  the  hybrids  were  fully 

about  the  eaae  tine  aa  Blnturkl.  Tanas ra,  was  fully 
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Means 

Mlnturki 

Tenmarq 

P3  hybrids 


£0   21    22   23   24   25   26    27   28   29   30   31 
May 

Date  of  first  head 

Fig.  7. —  First  heading  dates,  F3  lines  of  Tenmarq  x 
Mlnturki,  agronomy  nursery,  1930. 
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Mlnturki 

— • Tenmarq 

F3  hybrids 


£6   27   28   29 

May 


30   31 


2    3    4 
June 


Date  of  first  head 

Fig.  8. —  First  heading  dates,  F*  lines  of  Tenmarq  x 
Mlnturki,  botany  nursery,  1931. 
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Means 

Minturki 

Tenmarq 

F4  hybrids 


19  10  21    22  23  24  25  26  27  28  29 

May 

Date  of  first  head 

Pig.  9.--  First  heading 
dates,  F4  lines  of  Tenmarq  x 
Minturki,  agronomy  nursery, 
1931. 
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May       June 
Date  of  first  head 

Fig.  10.—  First 
heading  dates,  F.  lines 
of  Tenmarq  x   Minturki, 
botany  nursery,  1931. 


heeded  mimnI  daye  ohetd  of  the  hybrids.  Although  there 
were  a  few  early  plants  In  each  row  the  majority  of  the 
hybrid  plants  resembled  tUnturkl  not  only  In  tine  of 
but  also  In  other  character:;. 

n*  F4  lines  grown  in  the  botany  nursery  headed  in 
about  the  sane  order  aa  the  F4  lines  grown  In  the  agronomy 
nursery.  The  hybrids  In  the  botany  nursery  bad  an  average 
first  heading  date  two  days  earlier  than  Mlnturki  and  two 
da  a  later  than  Tennarq.  The  date  fully  headed  of  the 
hybrids  waa  in  most  eeaee  later  than  the  date  of  full  head- 
ing for  Tenmaro..  The  first  heading  dates  of  the  1  4  lines 
in  the  botany  nursery  are  aa  follows: 
Date  first  headed 


;* 


June 


86  87  26  £9  30  51  1  8  Total  date  (**y) 


of 


VA   lines..  33467  14   4  19  7  1  149 

2   6  —  —-  —  --    8 

..-—11-42-    8 


89 
87 
31 

Tha  I4  lines  planted  in  tha  botany  nursery  were  planted 
to  secure  opt loom  conditions  for  boot  infeotlon.  This 
accounts  for  the  later  heading  dates  In  tliis  nursery. 
heeding  dates  on  the  r  4  lines  grown  In  the  botany 
are  shown  graphically  in  Figure  10. 

At  Colby,  Kan.,  a  wider  rang*  between  the  first  heed- 
ing da  as  of  the  different  I4  lines  was  observed.  However, 


c 

Boet  of  the  hybrids  headed  between  the  avenge  heading  dates 

of  the  two  parents.  The  first  heading  dates  of  the  l'4  Unas 

Grown  at  Colby  are  as  follows 

Date  first  headed 

,   B>Y  fan*  Average 

29  30  31  128456780   total  date 

tatter  of  . 

V*   lines,  117  7  38  303322  021--  149  6/B 

Tenoarq..  -   403001-----  8  5/31 

■tnturkl,  -  —  --113-1--8  8  8/5 

She  average  first  heading  date  of  the  hybrids  Is  two  days 
later  than  the  average  first  heading  date  of  Tensers,  end 
three  days  earlier  than  the  averse*  first  heeding  date  of 
Hlnturkl.  Tetmsrq  ems  fully  headed  earlier  then  most  of 
the  hybrids.  The  last  plants  to  heed  In  e  large  number  of 
the  hybrid  rows  were  as  late  in  heading  as  the  lest  plants 
to  heed  In  the  Hinturki  rose.  The  lateness  of  the  hybrids 
planted  at  Colby  was  a  serious  handicap.  Host  of  the  plants 
dried  up  before  they  were  fully  nature.  The  firet  heading 
dates  of  the  '.'4  lines  grown  at  Colby  are  shown 
lly  In  Jlgure  11. 
The  P4  lines  grown  at  Akron,  Colo.,  fora  a  frequency 
1,  for  date  of  first  heading,  very  similar  to  the  curve 
foraed  b?  the  !?4  lines  grown  at  Colby.  The  frequency  dis- 
tribution of  the  first  heeding  dates  of  the  F4  lines  grown 
at  Akron  is  shown  in  figure  12.  The  first  heading  dates  of 
the  hybrids  average  one  dsy  later  then  Tennarq  and  four  da  /s 
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Means 

Minturki 

Tenmarq 

F4  hybrids 


13  30  31  1  2  3  4-  5  6  7 
May  June 

Date  of  first  head 

Fig.  11. —  First  heading 
dates  of  F4  lines  of  Tenmarq 
x  Minturki,  Colby,  Kansas,  1931. 
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Fig.  12. —  First  head- 
ing dates  of  F4  lines  of 
Tenmarq  x   Minturki,  Akron, 
Colorado,  1931. 
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30  3(  i  2  3  4 
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Date  of  first  head 

Pig.  13. —  First  heading  dates  of  Fa   lines  of  Tenmarq 
x  Minturki,  North  Platte,  Nebraska,  1931. 
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earlier  than  Hinturki.     The  first  beading  dates  recorded  at 

&JKXI  are  as  follows » 

Date  first  headed 

June 

3456789     10     11     IB     Total 

dat 

Humber  of 

f>*  lines..  5  6  8  20  17  16  11  5  7  S  100  7 
-1151——---  6  6 
..... _  .   4   1      5    11 


of  the  F4  lines  appeared  to  be  fairly  well  adapted  to 

conditions.  The  last  plants  to  head  In  the  hybrid 

rove  planted  at  Akron  headed  about  the  sane  tins  the  last 

plants  beaded  In  the  Tennarq  row.  nearly  all  the  hybrid 

rows  were  folly  headed  earlier  than  Mlnturkl. 

The  flret  heading  datee  on  the  1 4  lines  grown  at 

Borth  Platte,  Kebr.,  are  shown  In  the  following  tablet 

Date  flret  beaded 

^V  3w*  ..vera,  o 

SO   SI   1   E    S   4   Total  date  (June) 

F,  lines....  2  »  56  45  SO  7  149  8 
TeWrq.....  -  8  4  1  —  -  8  1 
Klnturkl....  -———88      8     8 

The  hybrid*  average  en*  day  later  in  heading  then  Temaarq 

and  one  day  earlier  than  Mlnturkl.  Only  one  beading  data 

was  taken  on  the  »4  lines  grown  at  Horth  Platte.  The  range 

of  the  heading  period  of  the  hybrids  le  not  so  wide  as  at 

other  stations.  The  frequency  distribution  of  the  first 

beading  dates  of  the  F4  lines  crown  at  Horth  Platte  Is  shown 


in  l igure  13. 

The  ¥4   lines  of  this  crons  wore  earlier  In  beading  then 
Minturki.  There  wore  very  fee  1'4  lines  as  early  as  Tentarq. 
In  eeleetlng  the  rs  plant*  for  growing  the  i-4  llres  the 
earliest  naturlng  pleats  were  saved.  There  appears  to  be  a 
nrwponrteranss  of  the  uinturlcl  characteristics  in  the  hybrid 
lines,  Although  the  earliest  types  were  saved  each  year  the 
average  tirat  headinr  date  of  the  J  4  lines  is  later  than  the 
average  first  heading  date  of  Tenaarq.  This  «as  true  at  all 
of  the  atatlons  where  the  P4  lines  were  grown.  The  F4  lines 
appeared  awe  proadelng  at  Akron  than  at  any  other  station. 
The  hybrids  headed  aore  nearly  at  the  tiae  Tenaarq  headed 

at  the  other  stations. 

The  hybrids  averaged  nosh  later  in  date  of  full  heading 

Tenaarq.  The  last  plants  to  head  in  the  hybrid  rows 
were  but  very  little  ahead  of  the  last  plants  to  head  in  the 
Klntorlcl  rows.  Due  to  the  lateness  of  most  of  the  hybrids 
the  possibility  of  obtaining  a  desirable  wheat  for  Kansas  is 
not  very  great.  The  hybrids  had  a  strong  tendency  to 
resemble  Hinturki  in  characters  other  than  earllness,  eueh 
as  beitfit  and  lsafiness  of  plants,  and  length  of  head. 

Plant  height 

meet  conditions  plants  of  Klntarlci  are  taller 
Since  there  le  a  difference  in  the  height  of 


the  two  parents  the  hybrids  produced  from  a  cross 
these  varieties  should  show  considerable  variation  in 
height. 

The  height  of  the  six  l\  plants  grown  in  the  green* 
houee  Airing  the  winter  of  1927-»88  averaged  80  Indies. 
Plants  ef  Tenuarq  and  :;intorkl  grown  under  the  seno  condl- 
tlona  mmmmA  18  and  SC  Inehes,  respectively. 

The  height  of  the  plants  In  each  row  in  the  nursery 
wae  determined  by  taking  an  average  measurement  of  height 
of  the  plants  in  the  row.    The  average  helfht  of  the  plants 
In  the  IB  population  was  about  44  Inehes.     Plants  of  nin- 
turkl  in  adjacent  rows  measured  46  inches.     Plants  in  the 
neareet  Terms  i«  rev  measured  47  inches  in  height,  whiefa  le 
taller  than  usual  for  this  variety.     This  row  of 
erne  grown  seme  distance  from  the  Fg  hybrids  and  Is 
not  strictly  comparable  with  them. 

Data  on  the  plant  heicht  of  the  f  s  lines  and  parents 
grown  In  the  agronomy  nursery  in  1930  are  as  follows: 
Height  in 


9859404148     434446  Total  height* 

1       11818       8       11—  36  40.9 

1-8—       -----         8  39.5 

-       —       -       -     _       i         2  44.0 


height  of  the  hybrids  falls  between  the  mean  helGht 
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of  the  two  parents.     A  large,  nunber  of  the  hybrids  fall  Is 
the  earn  class  as  the  Tennaro.  parent.    The  distribution  of 
the  heights  of  these  F3  lines  le  shown  graphically  In 
Figure  14. 

The  P9  lines  crown  In  the  botany  nursery  In  1931  re- 
acted differently  with  respect  to  height  of  plant.     The 
average  height  of  the  hybrids  was  slightly  less  than  the 
average  height  of  Teoaarq..    This  is  shown  in  the  following 


Plant  height  In  Inches 
86     S9     40     41     42     43     44     56     Total     Ai 

fta*er  of  *•' 

Fg  lines...  1186     11       460  31  42.0 

Tenoarq. . . .  ----11.      _  g  4g#5 

Statural...  ----_!_!  g  44^ 

Since  only  two  rows  of  each  parental  variety  were  measured 

there  is  some  doubt  as  to  few!  ouch  weight  to  give  to  the 

average  height  of  tJ*  two  parents.    They  are,  however,   la 

about  the  usual  relation.     A  possible  explanation  for  the 

shortness  of  the  hybrids  is  the  very  late  planting  of  thle 

notarial.     This  lata  planting,  causing  the  hybrids  to  ripen 

later  than  In  the  previous  year,  may  also  account  for  the 

shorter  plant  hoi j Jit.     The  data  on  plant  height  of  the  V$ 

lines  grown  In  the  botany  nursery  In  1931  are  shown 

graphically  In  Mgure  15. 
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Pig.  14.—  Plant 
height  in  inches,  F, 
lines  of  Tenmarq  x 
Mlnturki,  agronomy  nurs- 
ery, 1931. 


Pig.  15.—  Plant  height 
in  inches,  F,  lines  of  Tenmarq 
x  Mlnturki,  Botany  nursery, 
1931. 


'I----I'  ■■!  -  ■  ■  ■  t-  ,  ■  't  -■  ■  ■  4t 


■I  -  —  ,  1  .  ■  1 .  f  -  ■ . .  | .  ■  -  [..  .[   |.  ,|: 


72 

on  plant  height  of  the  *4  Unas  grown  at 

Akron,  Colo.,  In  1931  aro  as  follows* 

Plant  height  In  Inches 

26  87  B6  20  SO  SI  32  53  Total  Average 

Somber  of  h*igh* 

1 4  lines...  6  15  18  IS  17  12  10  7   100     88.8 

-  —  1   1   S   X  —  6     2D.7 

-—  8-8-—  1     6     89.8 


height  of  toe  P4  llnas  Is  alaost  the  sans  as  tha 
average  heltfit  of  Teasers,  and  iHnturkl.  a  probable  explana- 
tion for  the  failure  of  riinturki  to  show  its  greater  height 
la  that  the  seal-arid  conditions  prevailing  at  Akron  did 
not  allow  the  factors  for  tellness  to  be  expressed  In  aa 
definite  a  wanner  as  under  wore  favorable  conditions.  The 
hybrids  had  a  tendency  to  resemble  Klnturkl  In  leaflness 
and  other  norphologleal  characters  and  were  affected  In  a 
similar  manner.  The  date  on  plant  height  recorded  at  Akron 
in  1931  are  shown  graphically  in  figure  16. 

Under  more  favorable  conditions  at  Manhattan  the  F* 
linos  shewed  a  wider  range  In  height  varying  froe  86  to  48 
Inches,  as  shown  in  the  following  table: 
Plant  height  in  inches 

SB  SB  40  41  42  43  44  46  46  47  46  Total  AW. 

-    -        .-  height 

'.a  BJBJBJ  ol 

24_ttn»S,     1       3       820     16     808730     10     93149  43.5 

-       -148—1----  8  48.5 

-----1S8S-         6  45.6 


lines  taller  than  Hlnturki  and  lines 
!•  The  average  plant  height  of  the  r4  llnea  le  ba- 
the averages  of  the  parents.  A  larce  number  of  Unas 
vara  about  the  aaaa  height  aa  Tenmorq,  though  the  modal 
class  of  the  hybrid*  approaehae  Hinturkl.  By  selecting 
individual  plants  the  height  of  'X'enoarq,  in  prevloue 
generations,  a  lass*  number  of  lines  of  about  this  height 
have  baas  obtained.  The  data  en  height  of  the  F4  lines  and 
parents  groan  at  Manhattan  are  shown  graphically  In 
17. 


Relation  of  Plant  Height  and  Data  of  First  Heading 


Plant  height  and  date  of  first  heading  wave  eoopared  in 
the  F's  and  P4  lines  of  t!»  cross  iennarq  a  Hlnturki.  In  the 
l-s  lines  groan  in  the  agronouy  nuraary  in  1930  no  consistent 
relationship  between  plant  height  and  tlae  of  first  heading 
was  observed.  The  hybrids  were  arranged  in  order  of  earll- 
ness  and  divided  into  four  classes.  The  avaregee  for  plant 
height  of  the  four  groupa  are  as  follows: 


.•,.vorQ,-o  wMM 
first  head 
(Hay) 


88 
SO 


maaber  of 
lines 


11 
6 


..voru,  e 
paawjl  bpftj  M 
(Inches) 

40.1 
41.6 
40.7 
41.  S 


20 


(6 


S  ie 


S     8 


o 


M  e   a 

n  s 
Mlnturki 

11 

II 

ii 

Terunarq 
F4  hybrids 
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Pig.   16. —  Plant  height   in  inches,   F*   lines   of  Terunarq 
x  Minturki,   Akron,   Colorado,   1931. 
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Terunarq 

F4  hybrids 


41        42        43        44        45 
Plant  height   (ins.) 


46   47   48 


Pig.  17. —  Plant  height  in  inches,  P4  lines  of  Tenmarq 
x   Minturki,  agronomy  nursery,  Manhattan,  Kansas,  1931. 


1 5  linos  grown  In  the  botany  nor  eery  In  1991  were 
In  order  of  first  heading  end  divided  Into  four 
classes.  There  was  no  close  association  between  plant 
height  end  tine  of  first  heeding  in  this  material.  The  very 
late  lines  were  slightly  taller  then  the  earlier  e lessee. 
However,  the  earliest  lines  were  nearly  ae  tall  as  the 
latest  lines.  Plante  of  lines  in  the  intermediate  classes, 
in  heading  date,  were  the  shortest.  This  variation  la 
probably  due  to  chance.  The  average  first  heading  dates 
end  plant  height  neeeureaents  of  the  different  elasees  are 
ae  follows: 


Average  date 
first  head 


■ 


31 

e 


7 
5 
0 


tmmam 

plant  height 

(Inches) 

42.1 
41.7 
41.0 

•M 

nursery  in  1931 


The  14  lines  grown  in  the 
showed  no  consistent  relationship  between  plant  height  and 
date  of  first  heeding.  The  hybrids  placed  in  four  classes 
according  to  plant  height  had  the  sea*  average  first  heading 
dates  in  the  different  classes. 

Plant  height  and  date  of  first  heading  were  also  com- 
pared on  the  P4  lines  grown  at  Akron,  Colo.,  In  1931.  when 
the  lines  were  placed  in  four  elaeeee  according  to  plant 
height,  It  woe  found  that  the  shorter  lines  were  the  latest 


76 


to  head.  111*  folloolne  table  ehowa  this  cooparleoni 

Average  date  ..vorc  o  plant 

first  head  ftaaber  at  height 

(June)  llnee  (Inches) 

0  21  28-87 

a  ss  mm 

7  29  30-51 

6  17 


Plants  of  the  F4  llnea  grnm  at  Akron  are  all  afcort.  It  la 
possible  that  the  adverse  weather  eondltlona  at  Akron  had  a 
greater  effect  on  the  later  heading  llnea  than  on  the  earlier 
heading  llnea.  The  lack  of  moisture  and  the  high  taupe ra- 
turee  were  undoubtedly  more  pronounced  when  tlio  later  planta 
were  heading  than  whan  the  earlier  planta  were  heading.  The 
value  of  an  early  maturing  variety  In  sections  of  Halted 
rainfall  la  generally  recognised. 

lodging 

lodging  notos  were  token  on  K3  and  F4  llnea  grown  la 
the  egronony  nursery  and  en  Vs  and  P4  llnea  grown  In  the 
botany  nursery .  In  all  eaaea  where  lodging  :  ©tee  taken  on 
the  hybrlde  and  aprental  varieties  are  compared,  the  hybrids 
enow  a  slightly  higher  average  percentage  of  lodging  than 
either  parent.  A  euonary  of  the  lodging  data  collected  on 
parental  varieties  and  P3  and  P4  hybrid  llnea  la  rtven  In 
aha  following  tablet 


Manner  of  Lodging, 
mini  ■ 

of   i«odglng 
botany 
nursery 

Per  cent 

Per  cent 

31 

S 
t 

3.5 
2.5 
8.5 

148 
8 
8 

2.3 

.6 

1.9 

Although  plants  wore  selected  for  ntlffness  of  straw 

each  year  It  was  iaposslble  to  overcome  this  tendency  for 

weak  straw  in  the  hybrids.  Koarly  all  of  the  F4  segregate* 

had  weai:er  straw  than  Tenmarq. 

Kernel  Plrwawnas  and 

Protein  Content 

Kernel  plumpness  notes  wore 

MM  or. 

balk  samples  from 

••weral  individual  plants  In  each  P5  Una  and  parent  ol  cheek 

row  grown  at  Manhattan  and  Colby  In  1930,  i 

md  froa  parental 

check  rows  and  a  few  of  the  aore 

promising  !•'«  lines  grown 

at  Akron  and  Manhattan  In  1951. 

Protein  de  terrains  Mors  were 

made  on  bulk  samples  froa  several  Individual  plants  In  each 

P5  Una  frown  In  the  agronomy  nursery  at  Manhattan  In  1930. 

Kernel  plnwpnesa  notes  taket 

t  on  the  Ps  lines  grown  In 

the  agronomy  nursery  at  Manhattan  In  1930 

are  distributed  as 

follows j 

Far  cent  pluopness 

85  85  87   total   Average 


of 
rs  lines.. 


10 

S4 

e 

86 

84.6 

Ml 

1 

• 

1 

6G.0 

— 

1 

w 

1 

86.0 

kernel  ■Iwjejiiimi  of  the  hybrid*  varied  from  83  to  87  nor 
«d  averaged  84.6  per  cent.     Temerq  and  Mlnturkl  both 
had  an  average  plnemness  of  8ft  per  cent.     Thla  Is  also  the 
nodal  class  of  the  hybrids. 

At  Colby  wider  Mere  adverse  weather  conditions  e  narked 
reduction  In  kernel  plumpness  was  noted  In  ainturkl  and  eeny 
of  the  hybrid  lines.  Tenoarq  was  reduced  slightly  In  kernel 
plumpness  bat  had  nueh  plumper  kernels  than  Illnturkl  and  meet 
of  the  !"s  hybrid  lines.     The  kernel  plumpness  percentages  of 
the  :  3  lines  and  parental  checks  green  at  Colby  In  1930 
a  own  In  the  following  tablet 


cent  plumpness 

6670    75    7880898688  fetal  Average 

of 

IV  lines..     14339781  30  78.8 

Tenmerq...     ----881-  ft  eM 

JUntur!;!..     -1------  l  70.0 


At  Hanhettan  In  1931  t1»  P4  lines  had  on  average  plump- 
ness note  of  78.6  which  woe  only  ellghtly  below  the  average 
plumpness  note  of  Tensnrq.  Klnturkl  had  a  plumpness  note 
below  the  averaee  plumpness  note  of  the  hybrids.  The 


neaa  notes  taken  on  the  1'^  linos  grown  at  Manhattan  in  1931 
ore  aa  followot 

Per  cant  plumpness 
70  75  00  as  Total  Average 


Jfcunber  of 

14  Unas.... 

4 

SO 

48 

e 

r;6 

78.5 

M 

5 

4 

1 

8 

76.8 

Hlnterkl  •  •  •  • 

1 

S 

4 

*» 

8 

76.9 

Tlie  hybrid*  varied  In  plumpness  from  70  to  88  par  cant. 

Kernel  plumpness  note*  taken  on  88  F4  lines  cxowa   at 
Akron,  Colo.,  In  1931  are  aa  follows* 


waat.iei   of 


Per 
70    76    80    88    Total    Average 


!s  lines 6     36     46       1         88  77.4 


The  hybrids  varied  in  plumpness  froa  70  to  86  per  cent  bat 
averaged  alijjbtly  lower  than  the  F4  lines  grown  at  Uanhat- 
tan.  The  drier  weather  conditions  are  no  doubt  responsible 
for  this  reduced  plumpness.  So  plumpness  notes  were  taken 
end  Mlofcurkl  grown  at  Akron. 

usually  predueee  a  plumper  kernel  than  r:in- 
turlci.  Unrter  favorable  condition*  lUnturki  predueee  kernels 
as  pluap  a*  Tenraarq,  but  under  allghtly  adverse  conditions 
the  kernels  of  Minturki  are  not  so  plteap  a*  Tennarq  kernels* 
The  hybrids  behave  very  ouch  like  'Tinturki  in  this  respect. 
In  making  individual  plant  selections  types  resembling  Ten- 


in  kernel  shape  and  texture  were  selected.  There  were 
few  F4  lines  reeewbllne  'i'ennarq  In  kernel  size  and 
shape,  .'oat  of  the  hybrids  resembled  Mnturki  in  this 
respect. 

She  protein  determinations  nade  on  grain  of  the  P. 
lines  grown  at  Manhattan  In  1930  varied  fron  10.5  to  13.8 
per  cant.  Kybrid  lines  of  lower  protein  content  than 
t&nturkl  sad  higher  protein  content  then  Teanarq  occurred. 
The  significance  of  the  differences  In  protein  content  that 
were  observed  are  not  reliable  due  to  the  small  number  of 
llnea  Involved.  Only  SO  hybrid  lines  and  only  one  parental 
row  of  eaeh  parent  were  analysed.  The  protein  percentages 
of  the  Fs  llnee  and  the  parental  varieties  are  shown  In  the 
following  tables 


Pas*  cent  protein 

io»«a>o»t3o    »    <o   a 
•     •••     ••«.     .     •     • 


q    w    w    «    m    *>    » 

«-t      H      W      r-t       H 


MMwJI 


Of         H     <*     3     H 

lnea...  92446386811 
■Utturki...  »•••!••«••«  12.0 

The  average  protein  content  of  the  hybrid  lines  is  Inter* 
nediate  between  the  protein  content  of  Tenmare,  and  Hinturki. 

The  protein  deteralnations  of  the  3'3  llnea 
graphically  in  Figure  18. 
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Fig.  18.—  Protein  determinations,  F,  lines  of  Tenmarq  x 
Minturki,  agronomy  nursery,  1930. 
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.-tine-fern»ntatlon  Test  of 
Mlaturkl 


Sanples  of  a'enaarq  and  ttlnturlil  were  compared  using  the 

wheat'-wal-tlne-foraaotatlon  teat  aa  described  by  Saunders 

(96),  Pelehenke  (S3)  and  Cutler  (14).  Determinations  of 

breaking  tins  were  made  on  two  s&-iplos  of  each  variety  grown 

In  the  agronooy  nursery  end  three  sanplas  of  each  variety 

In  plots  at  the  agronooy  farm  in  1932.  In  all  eases 

required  a  ouch  longer  period  for  the  dough  ball  to 

than  Xlnturkl.  The  condition  of  the  dough  ball  of  a 

aople  at  the  tlats  of  breaking  of  the  dough  ball  In 

•  WiMsrV  saeaple  la  shown  In  Plate  V.  The  tins  required 

for  v.a  AatKh  balls  of  Tenasre.  and  Klnturkl  to  break  la  aa 

follows t 

■tastes  to   Per  cent    Quality 
break     protein      index 

(nursery)....  134 

Average 134        14.6       9.S 

(plots) 123 

inc 

SI      JL.  -=- 

Average 124        18.8       9.7 


83 


M 


mtn  to   Per  cent   Quality 
wsaaji     protein    Index 


."inturkl  (nursery)...    80 


81        14.0       S.8 


Blnturkl  (plots) 8S 

86 


Avera  e 3       13.7      6.1 

The  average  tine  for  the  dough  tells  to  break  was  88 
minutes  la  the  five  HinturWL  samples  sad  1S4  minutes  In  tbs 
fire  Tenaarq  samples,  the  quality  Indices  sere  determined 
by  dividing  the  average  mater  of  minutes  required  for  tbs 
ball  to  break  by  the  psrosntsce  of  protein  of  tbs 


The  purpose  of  the  cross.  Tenners,  x  rilnturkl,  was  to 
develop  an  laprovsd  variety  of  wheat  for  Kansas,  and  to 
loom  something  of  the  nods  of  Inheritance  of  reslstanes  to 
leaf  rust  end  test  sod  otter  characters. 

tbe  winter  of  1998- • 87.  The  l\  generation  was  grown  In  tbs 
croonhoues  during  tbe  winter  of  19S7-»88.  The  sssd  from 
soob  ¥x  plant  was  kept  separate  and  spaoe-plontod  In 
nurssry  rows  at  Manhattan  In  the  fall  of  1988  to  produce 
the  K8  population  crown  In  1989. 


Pjj  lines  selected  fron  Individual  Pg  plant*  were 
at  Banhatten  and  Colby,  Kan.,  in  1930,  In  1991  1 4  lines 
oeleetod  fron  Individual  Pg  plants  grown  at  Manhattan  and 
noted  as  resistant  to  leaf  rust  In  the  haadlng  stag*  wars 
Grown  at  Manhattan  and  Colby,  Kan.,  Berth  Platto,  I  obr.,  and 
Akron,  Colo.  F4  linos  seleotod  without  reference  to  loaf 
rest  reaction  from  rs  lines  grown  at  Colby  In  1990  wore  also 
grown  at  Manhattan  In  1991. 

I's  and  r4  linos  Inoculated  with  a  Kansas  composite  of 
physiologic  fens  of  bunt,  gllletla  lerts.  wore  planted  in 

ursery  In  the  fall  of  1990.  la  the  fall  of  1991, 
froa  bunt-free  1 4  lines  were  Inoculated  wit';  bunt  and 
planted  In  the  botany  nursery.  Seed  of  Individual  plant  se- 
lections aado  fron  bunt-fro*  F6  lines  in  1098  wee  Inoculated 
with  bunt  and  planted  in  the  botany  nursery  In  the  fall  of 
Ma 

F»  and  P4  eeedllnc;  plants  were  Inoculated  with  known 
physiologio  forias  of  leaf  rust,  Pucoinla  trltlolne,.  In  the 
two-loaf  ata;;o  In  the  botany  craanTuwas  daring  the  winter 
■oaths  of  1930- »91. 

Leaf  rust  studies  in  the  nersery  were  oevte  on  the  P- 

m 


J  4  generetions  in  the  heeding  stage.  The  Fs  lines  grown 
et  Bsnhattan  In  1990  showed  either  a  susceptible,  segregat- 
ing or  resistant  rerotlon  to  loaf  rust.  The  plants  In  the 


■■guesting  nh  showed  •  very  close  fit  to  a  St  1  ratio, 
indicating  that  resistance  to  leaf  rust  In  tills  cross  as 
observed  In  the  nursery  la  due  to  a  single  main  genetic 
factor  with  susceptibility  dominant.  The  deviation  of  ob- 
■oa  calculated  nunbers  wee  6*5.46.  Venoaro.  was 

than  usually  resistant  to  the  physiologic  forms  of  leaf 
rust  prevalent  In  the  nursery  in  1930,  and  "'lnturkl  was  very 
easoeptlble. 

In  1931,  1'4  lines  selected  from  Pg  plants  resistant  to 
leaf  rust  in  the  heading  stage,  averaged  84  per  cent  leaf 
rust  In  the  needing  stage  in  the  nursery.  r4  lines  not 
•elected  fron  rust-res 1 stent  V&  plants  averaged  43  per  cent 
leaf  rust,  showing  that  definite  progress  wee  made  by  se- 
lecting rust-resistant  plants  in  F3  .  The  results  obtained 
in  14  indicate  that  aultiple  factors  probably  are  Involved 
In  the  inheritance  of  resistance  to  leaf  rust  In  this  cross. 
Reeoablnatlons  occurred  which  were  more  resistant  than  either 
parent. 

In  1931,  Tessa*  averaged  33  per  coat  and  Hlntorkl  31 
per  cent  leaf  rust  in  the  heading  atage  in  the  agronomy 
nursery.  In  most  seaeoae  Hlnturkl  is  such  more  susceptible 
to  leaf  rust  then  Tenmare..  The  susceptible  reaction  of 
ma   probably  due  to  the  presence  of  physiologic 
of  leaf  rust  to  which  Tenmarq  shows  very  little  re- 
sistance. 


Pg  lines  from  the  botany  nursery  were  grant  in  the 

and  Inoculated  In  the  two- leaf  stage  with  leaf 
runt  physiologic  forna  S  and  9.  I4  lines  were  inoculated 
with  physiologic  forms  9,  16  and  86. 

nearly  all  of  the  r3  seedlings  were  very  susceptible  to 
physiologic  ferns  9  and  9.  Tenmaro,  was  susceptible  to 
physiologic  font  9  and  showed  segregation  for  resistance  to 
phyolologic  form  8.  UlnturUl  was  susceptible  to  both  forms. 

P4  lines  selected  from  i  3  plants  resistant  to  leaf  rust 
in  the  hooding  stage  were  all  very  susceptible  to  physio- 
logic font  9  in  the  seedling  stage  in  the  greenhouse.  Sob* 
of  the  !'4  lines  showed  moderate  resistance  to  physiologic 
foam  18,  although  aost  of  then  were  susceptible.  Two  linos 
exhibited  a  bemosygous  resistant  reaction.  Approximately  60 
per  cent  of  the  F4  lines  showed  some  resistance  to  physlo- 
logie  form  86,  one  line  being  apparently  homosygous  resist- 
ant. Tliis  was  one  of  the  aaaa  lines  exhibiting  a 
homosygous  resistant  reaction  In  the  inooulatlon  studies 
with  physiologic  fans  16.  This  line  was  also  vory  resistant 
to  leaf  rust  in  the  heeding  stage  in  the  nursery.  Tenaarq 
showed  segregation  for  resistance  to  physiologic  foras  16 
and  86  in  seedling  Inoculations.  This  Is  not  surprising 
slneo  the  variety  is  itself  of  hybrid  origin.  Klnturki  was 
susceptible  to  physiologic  form  18  and  moderately  resistant 
to  physiologic  font  86. 
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Plants  of  the  Fg  and  F4  hybrid  selections  were  more  re- 
sistant to  leaf  rust  In  the  heading  stage  than  In  the  seed- 
ling stage.  This  is  In  agreement  with  the  observations  of 
Johnston  and  Belchers  and  Bains  and  L eighty  who  observed 
that  varieties  of  wheat  frequently  are  susceptible  to  leaf 
rust  In  the  seedling  stage  and  resistant  In  the  heading 
stage.  There  was  no  close  association  between  the  reaction 
of  the  hybrids  to  leaf  rust  In  the  heading  stage  and  in  the 
seedlir.g  stage.  This  Is  probably  due  primarily  to  the  fact 
that  moat  of  the  lines  were  3Uscaotlble  in  the  seedling 
stage. 

The  F-  and  F4  line 3  Inoculated  with  buntt  were  grown 
under  Identical  oondltiona  In  the  botany  nursery  In  1951. 
The  percentage  of  bunted  plants  In  the  Individual  I'j  lines 
varied  from  0  to  23  per  cent.  The  percentage  of  bunted 
plants  in  the  F4  lines  varied  from  0  to  43  per  cent. 
Parental  checks  of  Tenraarq  averaged  24  per  cent  and  of 
Minturkl,  2  per  cent  bunted  plants.  Heltber  the  Fg  nor  the 
F3  generations  from  which  these  F3  and  F4  lines  were  se- 
lected had  been  inoculated  with  bunt.  In  the  F3  generation, 
3  per  cent  of  the  lines  wero  bunt  free,  while  in  the  P4 
generation  8  per  cent  of  the  lines  showed  no  Infection.  The 
relatively  large  number  of  bunt-free  F4  lines  and  the  occur- 
rence of  types  more  susceptible  than  Tenraarq  indicate  that 
multiple  factors  are  Involved  in  the  inheritance  of  bunt 


in  this  cross. 

Pg  lines  repreeentlne  individual  plant  selections  froia 
bunt-fro*  P4  lines  had  an  average  of  3  per  cent  bunted 
heads  per  row.  Under  the  seas  conditions,  ainturkl  checks) 
hsd  en  average  infection  of  £  per  oont  end  Tonaarq  ebecks 
en  averags  of  86  per  eent  hunted  heeds.  Fourteen  per  eent 
Of  the  P5  lines  grown  in  the  botany  nursery  in  1938  were 
bunt-free. 

Bo  close  association  between  resistance  to  bunt  and 
loaf  rust  wae  observed  in  the  i-'s  and  P4  generations. 

Very  little  Infornatlon  on  the  winter  hardiness  of  the 
hybrids  erne  obtained.  On*  hundred  or  acre  F4  lines  vers 
speoe-olar.ted  in  nursery  rows  at  Manhattan  and  Colby,  Kan., 
lortti  Platte,  Nebr.,  and  Akron,  Colo.,  for  the  purpose  of 
obtaining  Information  on  winter  hardiness.  Practically  no 
wlnterkilllnc  occurred  at  any  station,  thourh  at  Akron  there 
wae  enough  killine  to  civ*  slight  indication  as  to  the 
hardlnees  of  the  hybrids  as  coopered  to  the  parents.  The 
F4  lines  grown  at  Akron  had  an  average  winter  survival  of 
91.6  per  eent,  coopered  to  91  per  eent  for  Hinturki  end 
r/7.5  par  eent  for  Tomarq,. 

Moat  of  the  Ps  and  s-4  lines  were  intermediate  in  tine 
of  hearting.  Very  few  types  as  early  aa  Tensers,  were  ob- 
tained alth-rj^h  the  earliest  types  were  selected  each  year. 
Sine*  most  of  the  hybrid  selections  seen  to  resemble 
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Wnturkl,  ore  tall,  1st*  and  have  rather  weak  straw.  It  1  a 
not  likely  that  a  desirable  wheat  far  Kansas  will  be  ob- 
tained from  this  cross.  Zn  1931,  the  F4  lines  grown  at 
Akron,  Colo.,  appeared  to  be  better  adapted  than  at  any  of 
the  other  stations. 

■est  of  the  !•'„  and  W-  lines  were  lntenasdlate  with 
respect  to  plant  height.  Host  of  the  hybrid  lines  appar- 
ently  carried  the  genes  for  leeflness  of  Silnturkl.  Thar* 
was  no  consistent  relationship  between  plant  height  and 
data  of  first  heading  observed  at  ■anhattan  or  Colby.  At 
Akron,  Colo.,  the  » 4  lines  with  shorter  plants,  26-27 
inches,  heeded  about  two  days  later  than  the  taller  hybrid 
types,  32-35  inches.  Ibis  apparent  correlation  between 
shortness  and  lateness  nay  have  been  doe  to  unfavorable  en- 
vironmental conditions  rather  than  to  any  association  of 
genetic  factors. 

Tinder  the  favorable  cllaatlc  conditions  at  Banhattan, 
and  Wlnturki  both  produced  very  aluap  kernels, 
the  sneh  aero  severe  oUsntle  condltione  at  Colby, 
did  net  produce  as  plump  kernels  as  Tenoarq.  Under 
the  adverse  condltione  at  Colby,  the  hybrids  did  not  produce 
as  plunp  kernels  as  Tenranre,.  The  later  aaturity  of  Xlnturkl 
end  the  hybrids  is  probably  responsible  for  the  shriveled 
condition  of  the  grain.  Xhe  value  of  early  maturity  la  re- 
gions of  Halted  rainfall  is  eanerally  recognised. 
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Protein  determinations  were  made  cm  bulk  sanples  from 
several  individual  plants  in  each  F3  line  grown  at  Manhattan 
in  1930.  The  percentage  of  protein  in  these  sa-tples  varied 
from  10.5  to  13.7.  The  P5  hybrids  averaged  12.1  per  cent 
protein.  Tenmarq  and  Hlnturki  averaged  IS. 8  and  12  per  cent 
protein,  respectively. 

Samples  of  Tenraarq  and  Kinturkl  were  compared  usir.g  the 
wheat -meal-tine-fernentation  test  of  Saunders,  Pelshenke  and 
Cutler.  Two  samples  of  each  variety  grown  la  the  nursery 
and  three  samples  of  each  variety  grown  in  plots  at  the 
agronomy  farm  in  1932  were  used.  The  average  time  for  the 
dough  balls  to  break  was  83  minutes  for  Minturkl  anc1.  124 
minutes  for  Tenmarq. 
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